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PREFACE. 


Srsroa the date of the first manufacture of nitrate 
from the caliche found in the (then) Peruvian 
pampa, during the early years of the 19th century, 
the developments in the industry have been almost 
entirely in connection with the application of new 
and improved processes for the purpose of making 
profitable the treatment of material of decreasing 
nitrate content. The average ley, or nitrate per- 
centage, of the caliche treated during the first 
fifty years probably averaged at least 75 per cent. 
In the most primitive method of benefioiation the 
rich caliche was boiled with water or mother liquor 
in large copper pans by the direct application of 
heat ; and the nitrate was then crystallised from 
the resulting strong solution. The use of steam 
was adopted in 1850, when the average grade of 
caliche treated had dropped to about 60 per cent. ; 
but even with this modification the process, if 
such it could be called, was still hopelessly ineffi- 
cient, the ripios, or residues discharged, containing 
from 25 to 30 per cent, of nitrate ; and the borra, 
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or slime, usually more than the original caliche. 
In 1876, important developments occurred as a 
result of the introduction by Mr. J. Humberstone 
— known for many years past as the father of the 
industry and held in high esteem — of a modifica- 
tion of the well-known Shanks system of progressive 
enrichment of solutions by lixiviation, as practised 
in the English alkali industry. The first installation 
was made at ofioina Limena, for the treatment of 
rioh ripios from earlier processes. The Shanks 
system was soon adopted throughout Chile, and 
has to the present day remained the standard 
method of extracting the nitrate. 

The introduction of the Shanks system resulted 
in notable economies, as compared with previous 
practice, with the result that caliche of lower ley 
could be treated at a profit. The grade of the 
material sent to the maquinas for the 20 years 
subsequent to the introduction of the Shanks 
system was probably fixed at a minimum of over 
25 per cent., and in most cases averaged well over 
30 per cent, nitrate. 

With the reduction in grade of caliche being 
treated, a considerable decrease in percentage 
extraction of nitrate, by existing methods, was 
observable. At all times, however, a veil of mystery 
hfts been drawn over the actual results of practice, 
and reliable figures were impossible to obtain. 
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Acourate estimations of nitrate loss were seldom 
attempted; neither the caliche nor the various 
types of ripio discharged could be sampled with 
accuracy, nor was the dry weight of the several 
products obtainable. The facilities for the reduc- 
tion of the samples were — and are to a large extent 
— such that the resulting analyses cquld only be 
considered as approximations. These circumstances 
permitted a wide latitude in the statement of result, 
and without fear of contradiction in the case where 
exceedingly high extractions were reported. Al- 
though optimistic figures have been given at various 
oficinas as to the amount of nitrate extracted, it 
is improbable that the actual recovery in crystal 
form and ready for shipment exceeded, on the 
average, 55 per cent, of the nitrate originally in 
the caliche ; and it is certain that, in very many 
cases, the amount was considerably below this 
estimate. 

With the exhaustion of the richer deposits of 
caliche, the general inefficiency of the present 
process has become more and more apparent, 
especially in connection with the treatment of 
material from ground containing any appreciable 
percentage of borra or slime. Various attempts 
have been made to improve results, usually by 
the installation and operation of complicated 
filtration equipment — ill-suited to the conditions 
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prevailing — but with no real success, economio 
or technical, as judged by the failure of the in- 
dustry to adopt, to any general extent, any of 
the modifications which have been introduced 
from time to time. 

The Shanks process, thanks to the technical 
skill and initiative of its sponsor, Mr. Humberstone, 
has well served its purpose. It has enabled the 
industry to reach a high state of prosperity ; and 
it has been responsible, in no small measure, for 
Chile’s present-day position in the front rank of 
progressive nations. Conditions are, however, 
rapidly changing. Disquieting accounts are current 
as to the success of synthetic methods for the 
manufacture of nitrate or nitrogen compounds, 
perfected by force of circumstances during the 
Great War ; and the beds of caliohe remaining 
untouched must be classed, for the most part, 
as either too low grade or too " bomente ” for 
successful treatment by existing methods. The 
present high cost of fuel is likely to persist, or 
increase ; labour is becoming more and more 
expensive and restive ; the present abnormal 
price of nitrate cannot be maintaiiied indefinitely, 
and the whole world is in urgent need of cheap 
fertiliser. 

The fact needs emphasis that seldom or never 
is work discontinued at a salitrera on account of 
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the absence of caliohe, but invariably because of 
the diminishing amount of nitrate contained, or 
because of the presence of a prohibitive amount 
of borra. Enormous dumps of ripio, which are 
accessible and can be cheaply handled, are scattered 
over the pampa. Estimates of the amount vary 
between 100,000,000 and 150,000,000 tons. Al- 
though this ripio is untreatable by present methods, 
and the cost of a filtration process would certainly 
be prohibitive, it will become a national asset of 
considerable importance as soon as attention is 
paid to an alternative process, based on adequate- 
scale operations, and developed on the foundation 
of a satisfactory appreciation of the fundamental 
principles of leaching treatment. The ripio dumps 
of Chile are also of considerable value as affording 
a sufficiency of hard, insoluble material with which 
may be mixed the “ borriente " caliohe which is 
now discarded, at some expense, as unsuitable 
for Shanks-maquina treatment ; or only handled 
at high cost and with indifferent results by one 
or other of the complicated filtration systems which 
have been proposed. No estimate is possible of 
the amount of low-grade caliche ha Chile, but it 
probably amounts to over a billion tons. But 
this is clearly only available provided that the 
present small-scale operations and expensive hand- 
ling methods in vogue are superseded by a 
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process such as is suggested in the following 
pages. 

Many industries have passed through a similar 
stage of evolution, and the history of metallurgical 
progress is replete with examples of the gradual 
abandonment of mineral deposits and residue 
dumps, beoause of lowness of grade or refractori- 
ness, followed in due course by improvements in 
practice and the successful establishment of alter- 
native processes on an adequate scale. An English 
mining engineer, with an intimate knowledge of 
affairs in Chile, published a book in London in 
1826 in which he gave conclusive “ proofs ’* of 
the " fallacious notions ” entertained in oertain 
quarters as to the possible productiveness of 
Chilean copper mines. Yet in the sixties, Chile was 
producing nearly 70 per cent, of the world’s output 
of the red metal, and to-day she possesses in suc- 
cessful operation what is perhaps the largest copper 
mine in the world, in addition to a number of 
smaller, though exceedingly valuable, properties. 
All this has resulted from technological advance 
and large-scale operations. 

The same degree of development and ultimate 
success is possible in the nitrate industry, even 
though the most sanguine estimates in connection 
with synthetic nitrogen products be realised, pro- 
vided that a bolder policy is adopted and less 
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attention paid to the application of patented 
machines and more to the fundamental principles 
of simple leaching, operated on a scale commen- 
surate with the size and grade of the remaining 
deposits. 

The purpose of this booklet is to point a way 
to a more economical and efficient process which 
preserves the simplicity of the Sh anks system 
and, at the same time, permits of the complete 
treatment, to a satisfactory and logical conclusion, 
of material which is now considered valueless. 
No estimate can he made at the present time as 
to the ultimate benefit to the industry by the 
adoption of the system described — the most con- 
servative estimates are staggering ; but it appears 
certain that the enormous increase permissible in 
any estimate of the available reserves of raw and 
treated material, coupled with a radical decrease 
in the cost of treatment should, in the near future, 
materially aid in the reduction of the present high 
cost of living throughout the world. 

A. W. ALLEN. 


LomoN, January 8, 1021. 
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VOCABULARY OF TERMS 

USED IN CHILEAN NITRATE TECHNOLOGY. 


Agua feble. The solution remaining after the refrigeration of 
ogua vieja or other nitrate liquor. 

Agua vieja. A term used to refer to the mother liquor, at atmo- 
spheric or below atmospheric temperature, re- 
maining after the fractional crystallisation of 
commercial nitrate from caldo. 

Batea. Crystallising vat. 

Borra. A term used indiscriminately to refer to (1) the mix- 
ture of slime, crystallised nitrate, sand, water, 
or other impurities which passes through or is 
found underneath the perforated plates supporting 
the caliche in the boiling tank ; or (2) the exceedingly 
fine earthy material associated with or forming 
part of the caliche. 

Caohucho, The boiling tank in whioh the high-grade nitrate 
liquor is made by means of evaporative concen- 
tration, and where the remaining nitrate associated 
with the oaliohe is displaood by weak solutions 
and water. 

Caldlllo. A somewhat indefinite term referring to any solution 
whioh does not approach a caldo in nitrate strength* 
although containing more nitrate than a mother 
liquor. 

Caldo. The liquor of tho highest density and temperature. 
The first liquor drawn from the oaohuoho* 
xv 
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Caliche. 


Cateo. 


Chullador. 


Crfnolina. 

Cuaja, 


Ley. 

Maquina. 

Oficlna. 

Relave. 


Riplo. 

Salitre. 

SaUtrera. 


Nitrate bearing material containing, in addition to 
sodium and potassium nitrates, soluble impurities 
in a number of forms and in widely varying pro- 
portions. 

The survey of a salitrera, for the purpose of forming 
an estimate of tonnage and nitrate content of 
caliche. 

An open, flat-bottomed vat, used for the olarifioation 
of oaldo by the settlement of entrained borra and 
salt. 

The perforated-plate false bottom on which the 
oharge of caliche rests in the cachuoho. 

The deposit of orystals in the batea, or crystallising 
vat. The term is usually used to refer to the size 
of the deposit or the quantity of nitrate produced. 

A term used to represent the richness, or the percentage 
of nitrate in caliche or other material. 

Caliche treatment plant. 

A nitrate property equipped with maquina. 

Weak nitrate liquor, added before the final water 
wash to displace the higher-grade liquors and to 
dissolve residual nitrate. 

The residue, or waste produot. 

The commercial nitrate produot. 

Nitrate bearing ground. 



RECOVERY OF NITRATE FROM 
CALICHE, 


THE SHANKS PROCESS. 

The Shanks process, in use throughout Chile for 
the recovery of nitrate from caliche, consists, 
essentially, of a reduction of the raw material in 
rook-breakers to about 3-inch size. This is then 
carried by belt conveyors or gable cars to boiling 
vats. In a few instances secondary crushing is 
practised, but in the majority of cases the caliche 
passes direct from a small storage, through the 
rock-breakers, and direct to the vats. 

The vats, or oachuchos as they are called, are 
rectangular in shape, and are divided horizontally 
by a crinolina, or perforated-plate false bottom 
placed about 9 inches above the floor of the vat, 
into {a) the upper portion containing the caliohe 
and steam coils, and (6) the lower portion connected 
with solution exit pipes and doors for the discharge 
of the ripio. 

A system of solution transfer from cachucho to 
cachucho, with exit at or from the bottom and 
inlet at the side of the vat, provides for the pro- 
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gressive enrichment of solution by an imperfect 
displacement movement. In the vats recently 
charged with caliohe the solution is boiled or kept 
at a high temperature and water evaporated, so 
that a high-grade caldo may be produced for 
crystallisation. This is withdrawn from the space 
underneath the crinolina and replaced at the same 
time with solution from the charge from which 
caldo had been previously drawn. The caldo 
from the caohuchos usually contains borra and 
has to be clarified before it can be sent to the 
bateas. This operation is carried out in a chullador, 
the solution being mixed with various settling 
agents suoh as flour in the form of a thin paste, and 
guano, and decanted as soon as the desired result 
is obtained 

The solution from the chullador is laundered 
to one of a number of bateas, where the nitrate 
is allowed to crystallise. The residual mother 
liquor, the agua vieja, is returned to the storage 
tanks, from which it is drawn when required and 
sent to the caohuchos, thus completing the cycle 
of operations. 

An excessive amount of hand-picking at the 
salitreras, to minimise trouble with borra in sub- 
sequent treatment, results in high mining expense. 
The caohuchos are small and fitted with steam 
pipes, and must, therefore, be discharged by hand. 
Special wages have to be paid for disagreeable 
work, and only experienced men are of use. Some 
of the ripio is discharged in a sloppy condition, 
thus making cheap residue disposal difficult. 
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After the completion of treatment, an exceedingly 
high-grade mixture of sand and borra is found 
underneath the crinolina. This, in some plants, 
is re-treated by special classifying, decantation, 
and filtration apparatus, and the nitrate content 
reduced to an amount whioh usually varies from 
4 to 12 per cent. In some instances the fines associ- 
ated with the dry crushed material are separated 
from the coarse. These fines may be treated alone 
or together with the borra and sand found under- 
neath the crinolina. 

The acourate accounting of results is an im- 
possibility. As many as four types of ripio may be 
discharged to the dumps, the nitrate in the pro- 
portion coming from above the crinolina plates 
in the cachuoho being invariably used as an index 
to the efficiency of operations in the maquina. 
Between theoretical extraction and actual recovery 
there iB seldom an attempt at agreement. Because 
of the difficulty of sampling so unhomogeneous a 
mass as the material fed to the cachuchos, the 
impossibility of estimating the tonnages of the 
various ripios discharged, and the wide variation 
in nitrate content in the individual pieces comprising 
the ripio from the cachuchos, the actual yield of 
nitrate usually indicates a loss amounting to twice 
or even three times as much as the estimate of 
nitrate in ripio would seem to indicate. 

Sampling of the caliche in the first instance, and 
before it goes to the cachuchos, is usually an in- 
efficient operation, resulting in a faulty estimate. 
In many instances the fines carry a higher per- 
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oentage of nitrate than the coarse. The personal 
equation, therefore, governs the estimated ley of 
the material sent to the oachuchos. Shovel sampling 
usually results in the inclusion of an abnormal 
proportion of coarse lumps, and the lower amount 
of nitrate reoorded tends to counterbalance some 
of the unrecorded losses occurring during treatment. 
The early exhaustion of normal-ley caliche from 
the salitreras is usually attributed to a faulty 
cateo in the first instance. Certain parts of the 
pampa were assumed to have caliche of a certain 
ley ; this was not realised when the material was 
sent to the maquina. These and similar explana- 
tions are usually accepted, in spite of the fact that 
extensive oateos on a proper basis have invariably 
indicated that discrepancies occur which influence 
over, as well as under, estimation and to an extent 
that leads to the maintenance of the original 
average. 
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SHANKS PROCESS-THE EXTRACTION 
STAGE, 

An exceedingly unhomogeneous product, usually 
direct from swing-jaw breakers, is sent for treat- 
ment. The breaker jaws wear at a maximum in 
the centre; and a small or large percentage of 
oversize, depending on the age of the jaw plates, 
passes to the oachuoho. The feed, therefore, con- 
sists of large lumps, the ordinary proportion of 
medium sizes, and a small amount of fine dust or 
borra. With a mixture containing such widely 
varying sizes, the average length of treatment 
cannot be regulated to ensure efficiency of result 
as well as economy of time. 

The oaliohe is delivered to the oaohucho either 
by means of gable cars or belt conveyors delivering 
to one spot at a time. No system of distribution, 
to prevent segregation, is attempted. The fines 
are piled at several points in the vat, and the coarse 
lumps find their way to the edges. Only one 
advantage is apparent from the segregation re- 
sulting : the maximum amount of solution passes 
around the larger lumps, whioh are, therefore, 
given a proportionately greater change of solution 
than the finer material, in which the nitrate is 
more available. In many cases, however, the fines 
esoape adequate treatment, the ripio taken from 
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various parts of the caohucho often, differing in 
nitrate content from 2 to 10 per cent. 

Enrichment of the Charge. — The inefficiency 
of nitrate recovery — the lengthy time of treat- 
ment to obtain even moderately low ripios — is 
largely due to the enrichment of the charge by 
the evaporative concentration of high-grade solu- 
tions and by the addition of caldillo and agua 
vieja. These high-grade nitrate solutions have 
low dissolving powers. Caldo is formed mainly 
by evaporative concentration, and not by the 
abstraction of nitrate from the caliche ; and this 
involves the augmenting of the nitrate contents of 
the caohucho, resulting in a proportionately high 
ripio. The boiling or high-temperature main- 
tenance disturbs the equilibrium of the charge, 
causing the borra to circulate with the solution 
and finally to find its way underneath the orinolina, 
and from thence to the surface of other charges, 
or to the relave tanks. 

Displacement Stage. — Caldo when formed is 
largely diluted with incoming caldillo. This is due 
to the inefficiency of the displacement method 
adopted and the short circuiting of the solution 
through the charge. 

As muoh caldo as possible is drawn from under- 
neath the crinolina, or perforated-plate bottom 
supporting the charge, and partly displaced by 
the oaldillo from the previous charge ; and de- 
livered, not on to the top of the oaliche, but into 
the side of the oharge, and generally at the opposite 
end of the caohucho. 
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Efficient displacement of solutions during leaching 
must take place in either an upward or downward 
direction. This involves either (a) pumping from 
vat to vat in any system of solution concentration ; 
or (b) the erection of the vats at different levels. 
The latter practice would present obvious dis- 
advantages. In the Shanks system an effort is 
made to secure displacement from vat to vat 
without recourse to either pumping or variation 
in vat level. The result is that operations are 
considerably simplified, but at the expense of 
efficient displacement. 

Lengthy treatment and large amounts of water 
are needed, not only to displace the high-grade 
solution left in contact with the caliche after the 
concentration stage, but to effect dissolution of 
the nitrate left untouched on account of the low 
dissolving powers of the solutions used in the 
earlier stages of treatment. The inefficiency of 
the work done in the displacement stage is, how- 
ever, largely due to the fact that, in the Shanks 
process, no true displacement of solution takes 
place other than when circulating in individual 
oachuohos ; and any good effects in the latter 
case are nullified by the circumstance that nitrate 
is removed by the solution only to be again put 
in contaot with the charge. So that, whereas the 
undissolved nitrate in the charge is lessened in 
amount, the dissolved nitrate in the liquid sur- 
rounding the charge, a proportion of which must 
necessarily be left in contact with the caliohe as 
moisture or entrained liquor, is higher in nitrate 
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than before that phase of treatment was com- 
menced. It may be taken as an axiom that, in all 
efficient leaching operations, the concentration of 
the solution must be accompanied by progressive 
impoverishment of both the charge and the solution 
in contact with it. 

Five weak features are, therefore, apparent in 
the extraction stage of the process : 

1. Unsuitable and unhomogeneous character of 

the caliche when prepared for treatment. 

2. Laok of adequate support for, or facilities 

for drainage from, the oharge. 

3. High nitrate content of material in the 

caohuchos after the concentration stage 
and before the displacement stage, leading 
to correspondingly high ripios, and due to 
the practice of forming caldos in contact 
with the caliche. 

4. Imperfect displacement of dissolved nitrate 

in solution by the present horizontal- 
delivery system of solution from oachuoho 
to oaohucho. 

5. Disturbance of the distribution of borra 

throughout the charge by boiling or high- 
temperature maintenance, with contami- 
nation of solutions and loss of nitrate. 

Evaporation of 'Water in the Cachuchos. — A 
necessary step in the concentration of liquors to 
oaldo strength is the evaporation of water ; and 
this is effected to a large extent by boiling or high- 
temperature maintenance in the cachuchos. An 
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amount of water, usually equiv^tgn^ to xroni 25 tb A » ‘ 
30 per cent, of the original we^gh^ -of caliche, is 
added during treatment for araplaS^ent._and ■ 
dissolving purposes. About 50 per ceni^o£5t-his (lfeP. , 
discharged with the ripio as moisture. The 're-"”* 
mainder must be evaporated. Vaporisation is 
effected concurrently with the concentration of 
liquor in the first stage of treatment. A large 
expenditure of heat is necessary. Radiation losses 
are high, both from the bottom and sides of the 
cachuchos, and arising from the chilling of the 
surface of the charge with cold air. The inter- 
mittent heating — and exposure to low atmospheric 
temperatures — of large areas of metal for small 
tonnages handled is also the cause of considerable 
heat loss. 

Action in the Chnllador* — Caldo drawn from 
underneath the crinolina, as described, must bo 
clarified before going to crystallisation. It is 
claimed that the action in the chullador is also 
one of salt crystallisation ; and this is explained 
by the assumption that, with increasing concentra- 
tion and rise in temperature in the caldo-forming 
stage, dissolving power is available, which is used 
up in dissolving salt which had been precipitated 
during the early stage of concentration or is present 
in excess in the caliche, to an amount above that 
which would have been taken up had both nitrate 
and salt been available in equal or equivalent pro- 
portions. In other words, salt was available in 


excess during the first stage of concentration, but 
nitrate, though present, was not available, being 
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occluded in the larger lumps of caliche. This re- 
sulted in a gain in concentration of salt during 
the first drop of temperature in the chullador. 
The explanation is plausible, but it is also evident 
that some, if not most, of the salt deposited during 
“ chullaring ” enters the ohullador in the form of a 
crystal suspension. 

Whatever the exact function of “ chullaring,” it 
is evident that its necessity arises from : 

1. Muddy solutions. 

2. Salt in suspension, or lack of available 

nitrate in the charge, or both. 

Muddy solutions are oaused (a) by the disturbance 
of the equilibrium of the charge by boiling or high- 
temperature maintenance in the cachuchos, and 
the freeing of an unnecessary amount of borra ; 
(b) uneven resistance to flow of solution through 
the charge, resulting in the short-circuiting of 
solutions ; and (c) the incomplete and unsatis- 
factory support for the charge by means of punched 
plates, leading to local collapse at numerous small 
areas, and the washing through of borra and sand. 

Lack of available nitrate is the result of insuffi- 
cient exposure of the nitrate in the caliche to the 
solvent action of the solution. The caliche is 
crushed insufficiently fine. 

The operation in the ohullador consumes time, 
involves loss of heat which should be utilised to 
effect evaporation of water, necessitates the addi- 
tion of an expensive settling agent such as flour, 
and lowers the efficiency of extraction in the 
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cachuchos by the necessity of increasing the nitrate 
content of weak solutions which must be used to 
wash the salt and entrained nitrate left in the 
ohulladores after the deoantation of caldo. The 
necessity for “ ohullaring ” prevents the attain- 
ment of a maximum degree of nitrate concentration 
in the caldo, thus excluding salt. 

Modifications in Operation in the Extraction 
Stage of Treatment. — Apart from logioal im- 
provements in the matter of (a) the substitution 
of efficient evaporation for that proportion of the 
necessary evaporation over and above what is 
required to concentrate solutions to the required 
strength in the cachuchos ; (6) the more accurate 
estimation of caliche tonnage ; and (c) the reduc- 
tion in nitrate content of agua vieja by refrigeration, 
the modifications in treatment introduced during 
recent years have been almost entirely in connec- 
tion with the possible application of certain patented 
machines for the special treatment of the borra, or 
a sand-slime product that may be obtained by the 
classification of the orushed caliche. Complications 
have been introduced, in most cases without obvious 
benefit ; and, without going into detail as to the 
various attempts made along such lines, it may be 
said that : 

1. There is no justification for the extra expense 
involved in the classification of the small 
amount of “ borriente ” material found in 
normal crushed caliche, and the treatment 
of the fines by any system of pressure or 
vacuum filtration. 
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2. Owing to the refractory nature of the borra 
after the absorption of the nitrate solution, 
and the difficulty, if not impossibility, of 
thickening or filtering a borra pulp by 
any known method, it is highly inadvisable 
to separate this from the sandy material, 
either purposely or as an unavoidable 
phase of any scheme of treatment adopted. 

No convincing or consistent data have been 
available to date as a result of the introduction of 
any filtration process to handle the whole or part 
of the product, neither have consistently low ripios 
been secured, even after the expenditure of con- 
siderable sums of money for the purchase and 
installation of complicated equipment, usually in- 
volving ample power provision. If it is proposed 
to treat the whole of the caliohe by pressure or 
vacuum filtration, then it is evident that the expense 
would be prohibitive ; and that the nitrate produced 
from such a process, as far as normal and low-grade 
caliches are concerned, could not ultimately com- 
pete with synthetic nitrate produced by improved 
methods. If only a part of the caliche is to be 
treated, then the efficiency of nitrate extraction 
will decrease, with certain variations, as the pro- 
portion of borra increases. 

The complete,, or nearly complete, recovery of 
nitrate from sandy material is, of course, entirely 
feasible and practicable on a commercial scale by 
the adoption of one of a number of methods of 
continuous or intermittent operation, such as may 
be seen in every-day practice in other industries. 
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SHANKS PROCESS— EXTRACTION STAGE, 

The extraction of nitrate from borra is an entirely 
different proposition, because of the fact that low 
ripios can only be secured, after the particles have 
been allowed to absorb high-grade nitrate solution, 
by a slow process of diffusion, and depending for 
its efficiency on time available and the difference 
in density of the replacing solution as compared 
with the density of the solution in the borra par- 
ticles. High pressure or vacuum applied to the 
replacing solutions, in order to insure passage 
through a compact mass of borra, are both valueless 
as far as the impoverishment of the solution held 
by the particles is concerned. If nitrate absorbed 
in this manner is to be recovered, then the borra 
partioles must be kept surrounded with the solution 
of gradually decreasing strength for a considerable 
time, to allow for the equalisation of pressures. 
Without inordinate expense for equipment and 
operation, it would be impracticable to give the 
necessary time for satisfactory displacement in any 
filtration system. With efficient gravity leaching 
it is invariably found that the colloid slime associ- 
ated with the residue is lower in dissolvable salts 
than would be the case if it were isolated and given 
a normal treatment involving pressure or vacuum. 
As far as borra is concerned, although the under- 
lying principles are theoretically attractive, it would 
appear that any system of countercurrent decanta- 
tion is out of the question. 
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SHANKS PROCESS— THE CRYSTAL- 
LISATION STAGE. 

The oaldo from the chulladores is delivered by 
launder to one of a number of bateas, or orystal- 
lising vats. A “ field ” of these necessarily covers 
a large area, so that cooling of solution en route to 
the more distant bateas is inevitable, and con- 
siderable crystallisation of nitrate usually takes 
place in the launders. A proportion of the fine 
crystals formed passes along with the caldo, and 
is deposited in a heap in the batea directly below 
the point of delivery from the launder. The re- 
mainder is removed by hand labour. The loss of 
heat during “ chullaring ” and transfer of caldo 
to the bateas is shown by the fact that with an 
initial temperature of 105° C. in the liquor flowing 
from the cachucho the temperature of the solution 
in the batea, when full, might be 60° C., or even 
less. 

Initial cooling in the batea is exceedingly rapid, 
and is the result of radiation from the sides and 
bottom, all of which are exposed to low night 
temperatures. Evaporation is restricted and radia- 
tion increased by the formation of a scum on the 
surface of the liquor, for the breaking up of whioh 
no provision exists other than by means of hand 
labour. 
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The caldo is left in the bateas until a suffi- 
ciently low temperature is reached or a certain 
deposit of nitrate has taken place — a tedious 
process, usually involving from 7 to 10 days' ex- 
posure. Temperature drop is exceedingly irregular, 
owing to the viscosity of the liquid and the acquisi- 
tion of heat derived from the sun during the day- 
time. Under present circumstances the semi- 
cooled caldo is re-heated daily in the sun, evapora- 
tion is slight on account of average low temperature, 
cooling is retarded, and large batea space is required 
to produce a small amount of atmospheric-tem- 
perature agua vieja. 

Loss of heat is an essential concomitant to, and 
an indication of, the degree of evaporation under 
efficient conditions. If evaporation takes place at 
a low temperature, then the heat required to 
vaporise unit quantity of water is considerably 
more than is required to vaporise the same quantity 
of water from liquor at a higher temperature. 
With batea operation most of the heat available 
for evaporation at the higher temperatures is dis- 
sipated by conduction losses and direct contact 
with excess cold air. When the solution has reached 
such a temperature that evaporation is slight, then 
the deposit of orystals on the sides and bottom of 
the batea prevents or delays the ohilling of the 
liquor to low temperatures. Excessively large 
batea installations are, therefore, necessary to 
counteract the inefficiency of operations at every 
stage of the process. 

Reduction in solution density during batea 
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crystallisation is retarded by the supersaturated 
condition of the liquor, which indicates that tem- 
perature decrease iB only one of several factors 
affecting the deposition of nitrate. The main- 
tenance of this condition of supersaturation is 
helped by the quiesoence of the liquid, a faot that 
is evident when agitation is practised, and an 
immediate orop of crystals is produced. 

The initial formation of the crystal is an important 
phase of operations of this kind. In batea practice 
and after the first few days of exposure this can 
only come about by surface chilling, caused either 
by evaporation or by heat conduction to passing 
air currents. This cooling action is retarded in 
the day-time by the transference of heat from the 
sun to the surface layer of the liquid in the batea, 
thus effectively insulating the remainder from 
maximum action at night. Surfaoe crystal forma- 
tion is delayed, the movement of the liquid is 
practically nil for several days, and a condition 
of supersaturation and stagnancy is maintained 
which delays operations and necessitates extensive 
equipment. 

The unsatisfactory features of this phase of the 
process may be summarised as follows : 

1. Loss of heat, and crystallisation in launders, 

formation of small crystals from agitation 
of liquid in transfer, both due to single- 
plane batea system and intermittent opera- 
tion. 

2. Loss of heat from liquor sent to batea, 

without appreciable compensation. 



GENERAL RESULTS PROM PRESENT METHODS. 17 


3. Enormous bateau capacity, due to (a) in- 
efficient and slow cooling, and (6) time 
lost for drainage and in hand discharging. 

No notable changes have been made in the 
standard practice of crystallising nitrate from 
caldo other than in connection with the production 
of high-potash nitrate from the refrigeration or 
fractional crystallisation of agua vieja or inter- 
mediate liquors, and the production of agua feble. 
This has resulted, incidentally, in an increase in 
the yield of nitrate from caldo and a reduction 
in quantity and grade of tho liquor returned to 
the caohuchos. 


GENERAL RESULTS FROM PRESENT 
METHOD OE TREATMENT. 

With average output, normal time of treatment, 
and by using reasonable amounts of steam and 
water, the principal defects of the Shanks process 
are seen in : 

1. High loss of nitrate in ripio and borra, 

restricting the grade of caliche that can 
be treated at a profit. 

2. High cost of operation, arising largely from 

the inefficient manner of evaporating water, 
high radiation losses, and small unitary 
tonnages. 

3. Inefficient accounting of results, due to the 

“ of provbio, ‘ “ 40 r mple 
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■with accuracy the incoming caliche or the 
outgoing ripio and borra. 

4. Small units, necessitating large areas of 

equipment, restricting the capacity of the 
maquina, and making impossible the re- 
duction of overhead expense to reasonable 
limits. 

5. Comparatively high labour requirements, 

owing to absence of, or impracticability 
of installing, mechanical provision for the 
handling of oaliche at the salitreras and 
ripio and nitrate at the plant. 
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FEATURES OF DESIRABILITY IN ANY 
ALTERNATIVE SCHEME OF TREATMEMT. 

A desirable process, to justify consideration, must ' 
indicate the prospect of radical reduction in labour 
requirements, operating cost, and nitrate content 
of ripio : it must appear a feasible method for the 
ultimate re-treatment of the ripio dumps in Chile, 
and it must be available as a basis for convincing 
argument to use against the contention that any 
system of synthetic nitrate production during the 
life of the Chilean deposits is commercially feasible 
diming times of peace, however much the establish- 
ment of plants for this purpose may be desirable 
from the military point of view. 

Any alternative scheme of treatment should, 
preferably, be adaptable, for small-scale operations, 
to existing equipment without radical or expensive 
alteration, and without sacrificing too many of its 
basic advantages. In summary, the aim should be 
to evolve a process to ensure : 

1. Minimum nitrate loss in ripio, as well as 

during treatment. 

2. A general cost reduction, both with regard 

to first cost of plant, amortisation, and 
operating expense. 

3. A general l&bour reduction, by the substi- 
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tution of modem mechanical methods for 
the handling of caJiohe and ripio. 

4. The retention of all the favourable features 
of the present method : (a) simplicity of 
operation, (6) low depreciation, and (c) 
high grade of product. 

6. The practicability of the aocurate accounting 
of nitrate losses and recoveries, thus placing 
the industry on a plane with other highly 
specialised technical operations. 
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FUNDAMENTALS OF ALLEN EXTRACTION 
PROCESS. 

The new extraction prooess (patent applied for) 
consists essentially of passing a solution or other 
solvent through a homogeneous mass of caliohe 
which has been dry-crushed to such a size that no 
appreciable movement of the borra takes place in 
the direction of percolation. The outgoing solution, 
therefore, contains only a minute amount of borra 
in suspension. The oharge must be of even and 
homogeneous texture and free from inequalities as 
to nitrate content ; and in order to achieve efficient 
results the degree of crushing must be such that 
the interstitial spaces between the particles are 
small and evenly distributed. On the other hand, 
regular though slow percolation is desired, so that 
crushing must not be carried to a point which would 
result in the production of so great a quantity of 
fines that solution passage would be retarded 
below the economic minimum. On certain classes 
of caliche it has been found that a reduction so 
that the whole product passes a J or §-inoh square- 
opening screen results in a desirable mixture through 
which percolation is possible at a rate permitting 
the rapid leaching of the soluble salts. In other 
oases, however, coarser crushing might be more 
economical or finer crushing more desirable. The 
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rate of dissolution of the nitrate, other things being 
equal, will depend on the fineness to which the 
caliche has been crushed, and also on the rate of 
percolation of the dissolving solution. Excessive 
comminution generally results in impermeability of 
the charge, so that there is, obviously, a limit to 
which the degree of crushing should be carried. 

Essential Apparatus. — The vat to be used for 
leaohing purposes may be of any convenient or 
desirable size or shape. It is fitted with a bottom 
support for the oharge, of sand, coco matting, or 
other suitable material which will permit the 
passage of the solution. This bottom is fixed at 
an appropriate distance from the floor of the vat, 
usually about 8 inches ; and the space between 
the two is connected with the necessary inlet and 
outlet solution, steam or water pipes. The bottom 
support for the charge may be provided with 
shovelling slats of wood, or rails ; or other means 
may be taken to prevent damage to or removal 
of the top layer of the support during the discharge 
of ripio. This may be effected either through 
bottom or side doors, or, perferably, by means of 
mechanical excavating apparatus. 

The permeable bottom support in no way acts 
as a filter. If that were its function it would choke 
almost immediately after downward leaching was 
commenced. Its purpose is to offer adequate 
support for the oharge, preventing any movement 
whatsoever of solids in the direction of the bottom 
space ; it allows for the even distribution of solu- 
tion during upward percolation, thus obviating 
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channeling and movement of the borra, and it 
permits efficient drainage of the charge at the 
conclusion of leaching, even when a high per- 
centage of colloid slime is present, by permitting 
the application of a vacuum. 

Operation. — One of the features of the process 
is that the fines are so intimately mixed with the 
coarser material that, given an even distribution 
of dissolving solution, there is no tendency for the 
individual particles of borra in the charge to become 
segregated or to form an appreciable hindrance 
to the passage of the solution. Only a minute 
percentage of the borra in the vat is in contact 
with or is able to reach the bottom support, or is 
on the surface or able to reach the surface of the 
charge. A clear liquor is, therefore, obtained, 
and whether upward or downward percolation is 
being practised. In the latter case there is abso- 
lutely no clogging of the material used for the 
support of the charge. 

A great advantage in the new process is the 
ability to percolate the solution in an upward 
direction. The denser liquor resulting is, there- 
fore, delivered from the surface of the charge, 
thus obviating crystallisation troubles in piping or 
other enclosed parts of the apparatus; and the 
heat in the dissolving solution is conserved by 
direct delivery underneath the bottom support. 

Contact of caliche with solution in the first 
instance is preferably effected by upward sub- 
mergence — i.e., the solution, usually as hot as 
possible, is delivered into the space between the 
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bottom support and the floor of the vat; and is 
then, by gravity or other pressure, allowed to 
saturate the caliche and finally submerge it. An 
allowance must be made for the difference in 
density of the inflowing and effluent solutions. 
This may be counterbalanced by providing extra 
head for the former. 

The leaching of the charge may be continued by 
upward percolation, the effluent solution over- 
flowing from one vat either going to the crystal- 
lisation department or being re-heated and delivered 
underneath the bottom support in another vat, and 
so on ; the final operation being, of course, gravity 
drainage with or without the assistance of a vacuum. 
Or the direction of flow may be changed, and the 
solution may be drained from the bottom of the 
charge and replaced, at the same time, by the same 
or other solution applied at the top. This latter 
method, however, has obvious disadvantages, especi- 
ally during the earlier stages of treatment. 

The percolation of the charge may be continuous 
or intermittent, but owing to the comparatively 
small amount of excess solution in contact with the 
caliche at any time it is possible to displace one 
solution with another, or with water or other 
wash, without appreciable admixture of the two. 
It is, therefore, usually found preferable to work 
the process so that a continuous flow of solution 
passes through the oharge ; but intermittent 
leaching may be practised, if found desirable : 
the charge at certain stages of treatment may be 
wholly or partly drained of the excess solution 
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in contact with it, and before the application of 
the next wash or solvent. 

The first high-grade solutions resulting are ab- 
stracted from the system and sent to the pre- 
cipitation or crystallisation department. The 
weaker solutions are preferably re-heated to in- 
sure additional dissolving power, and delivered 
to the other vats in the series, as practised in 
ordinary leaching operations in many industries. 
The solution resulting from the final water wash 
goes forward in the Bystem as a weak relave. 

Advantages oe the Process. 

1. Even percolation, because of the homo- 

geneity of the charge. 

2. Improved extraction of nitrate, because of 

the comparative fineness of the material. 

3. Shorter time of treatment on account of the 

availability of the nitrate and the efficient 
displacement of solutions. 

4. Quick dissolution of the nitrate in the 

caliohe on account of the continuous dis- 
placement of dissolving solutions. 

6. Ability to extract nitrate from caliohe or 
Shanks-maquina ripio with the avoidance 
of concentration of solution into caldo in 
contaot with the charge. 

6. Pull opportunity for the accurate accounting 
of nitrate losseB and recoveries, thus re- 
moving one of the most serious bars to 
technical progress in the Chilean nitrate 
industry at the present time. 
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7. Efficient recovery of the nitrate from the 

borra without the expense involved by 
its isolation and treatment as a separate 
product, together with the elimination of 
troubles resulting from the contamination 
of solutions with slime. 

8. Retention of all the favourable features of 

the present Shanks process, with increased 
yield at a considerably reduced operating 
oost, especially if utilised on a scale com- 
mensurate with the Bize of the low-grade 
deposits and ripio dumps in Chile. 

The process differs from the Shanks system in 
that : 

1. The caliche is crushed much finer. 

2. Percolation and solution displacement are 

either in an upward or downward direction 
throughout treatment. 

3. Adequate bottom support for the charge is 

provided which, being permeable, permits 
passage of the solution without movement 
of the borra. 

4. Heat for the dissolution of the nitrate is 

supplied, in whole or part, by raising the 
temperature of the solution before it 
enters the vat. 

€. The space containing the caliche in the 
leaching vats is devoid of steam coils, 
and no boiling or heating of solutions 
from an external source occurs when the 
liquor is in contact with the charge. 
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6. Particular care is taken with regard to the 

thorough mixing (by delivery into bins of 
ample storage capaoity) of the various 
olasses of caliche when crushed, as weE 
as the even distribution of the mixture 
in the vat. 

7. Effective insulation of vat and solution 

contents is feasible by ordinary means, 
particularly on account of the ability to 
cover the solution on the charge with 
wood, float insulators, and the practic- 
ability of bucket grabbing the ripio, thus 
obviating the need for discharge doors 
and tracks underneath the vat. 

8. No appreciable evaporation takes place in 

the vat. Caldo can be produced by one 
of a number of methods, such as the 
re-heating and re-circulation of effluent 
solutions ; but, in view of the importance 
of low ripios and rapid treatment, emphasis 
is laid on the practicability of concentrating 
solutions by efficient means outside the vat. 

9. Concentration of the solution in the leaching 

vat is a non-evaporative process ; and the 
enriohment of the percolating solution is 
accompanied by the impoverishment of 
the caliche. Solution displacement is 
continuous, so that the impoverishment of 
the caliche is accompanied by a correspond- 
ing reduction in the grade of the solution 
surrounding the charge — the ideal condi- 
tions for efficient extraction of solubles. 
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HEATING OF NITRATE SOLUTIONS. 

Two important considerations must be borne in 
mind in connection with the heating of nitrate 
solutions : 

1. Evaporation must be minimised, to avoid 

the deposition of salt and other impurities. 

2. Effective measures must be taken to prevent 

stagnancy of solution in oontact with the 
heating surface, resulting in local high 
temperatures, inefficient heat transfer, and 
accretions. 

Assuming the use of iron or steel steam pipes as 
the most convenient means of heat supply, the 
efficiency of transference will depend to a great 
extent on the velocity of flow of the steam and the 
degree of movement of the liquid in contact with 
the pipes. By adopting a system of counter- 
current flow of steam and liquid it is possible to 
secure highly efficient operation. Evaporation 
arises almost entirely from the exposure of high- 
temperature solution to the atmosphere, so that 
counter-current heat transfer is additionally desir- 
able, because of the fact that high temperatures 
are only reached when fresh steam is encountered 
— t.e., when the solution is ready for discharge. 

A special type of heater (patent applied for) has 
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been developed, a diagram of which is shown in 
Fig. 1, which has proved thoroughly satisfactory 
in practice. It will be seen that : 

1. Radiation losses are reduced to a minimum. 

2. Effective movement of both steam and 

solution is ensured. 

3. There is practically no evaporation of water. 

4. The apparatus is simple in design and the 

parts are accessible. 
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ACTUAL OPERATING RESULTS FROM 
NEW PROCESS. 

The fundamentals of the new process have been 
amply demonstrated on both a small and large 
soale, and with entirely satisfactory results. Prac- 
tically every type of caliche met with in Chile has 
been treated. In view of the trouble experienced 
with “ borriente ” material in ordinary Shahks- 
maquina operation, tests have been made on 
caliohe mixtures containing an abnormal percentage 
of borra. The new prooess is essentially a leaching 
process and not a filtration one — a limited pressure 
is available to assist the passage of solution through 
the mass — but it has been demonstrated by large- 
scale operation that the amount of borra that can 
be successfully treated (with over 90 per cent, 
extraction of the nitrate) is considerably above 
the amount contained in an average mixture of 
caliches from the most refractory pampas in Chile. 
It is now obvious that the expense involved in the 
hand-picking and sorting of caliches on many 
pampas is entirely unnecessary. A much lower- 
grade mixture can be treated at a profit by the 
new prooess, and containing an amount of borra 
which would be deemed prohibitive so far as Shanks- 
maquina operations are concerned. 
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In summary, actual operations have shown : 

1. Clear solutions at all times. 

2. Rapid treatment, usually averaging from 

24 to 48 hours. * 

3. Greater ease in the discharging of ripio, on 

account of the absence of steam pipes in 
the vats. 

4. Ability to apply vacuum before discharge, 

thus reducing average moisture percentage 
in ripio. 

6. Excellent results in the treatment of ordinary 
Shanks-maquina ripio, showing extractions 
of over 90 per cent, of the nitrate in 
24 hours. 

6. Ability to treat successfully through a 

depth of caliche in considerable excess 
of Shanks-maquina limits, and in large 
vats. 

7. Low total nitrate loss in treating ordinary 

caliche mixtures, showing an actual ex- 
traction of nitrate which is usually be- 
tween 90 and 95 per cent. 

8. Ability to sample caliche and ripio with 

acouracy and by ordinary means, thus 
ensuring the correct estimation of nitrate 
losses and recoveries and the elimination 
of uncertainty as to result. 
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THE PRODUCTION OF COMMERCIAL 
NITRATE FROM LIQUORS EXTRACTED 
BY THE NEW PROCESS. 

If it is thought desirable to sacrifice the ad- 
vantages arising from the adoption of a system 
whereby concentration of ‘the solution in contact 
with the charge is restricted, in favour, of what 
may be considered a feature of simplicity of Shanks- 
maquina operations, caldo production in the leach- 
ing vat can be secured by a number of methods. 
These include : (1) the re-heating and re-circulating 
of effluent solutions ; (2) the heating of the caliche 
in the vat by means of high-pressure steam, low- 
pressure hot air, or flue gases ; and (3) the heating 
of the caliche before delivery to the vat. 

Although caldo production in the leaching vat 
presents favourable features, there are advantages 
to be gained in the adoption of a process whereby 
a lower-grade solution is formed in contact with 
the charge. By the precipitation and re-dissolution 
of nitrate or by evaporative concentration, or both, 
a caldo may then be produoed as a separate phase 
of treatment. 

Precipitation of Nitrate from Caldillo, followed 
by Re-dissolution of Crystals to form Caldo. — 
The success of the majority of leaching pro- 
cesses depends on the feasibility of the con- 

3 
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tinuous passage of a solvent solution through 
the charge ; and, so long as a certain minimum 
concentration is exoeeded, the deposition outside 
the vat, by a precipitation process, of the soluble 
material so extracted. In the leaohing treatment 
of caliche the crystals deposited by chilling from 
comparatively low-temperature solutions would con- 
tain salt. Further, the chilling of a large quantity 
of weak caldillo would present obvious disadvantages. 

The basic idea of precipitation of dissolved 
material and rotum of impoverished solution for 
extraction purposes would be feasible in the instanoe 
under review by (a) preoipitating salt and nitrate 
from a proportion of the oaldillo produced by 
counter-current heat transference to refrigerated 
solution ; (6) separating the clear liquor from the 
deposited crystals ; and (c) producing a caldo by 
means of a further supply of caldillo from the 
leaohing vat, in contaot with the deposited crystals 
and the application of heat. 

Cold nitrate brine, as a suitable medium for heat 
absorption from the first portion of the oaldillo, 
would be available from an agua vieja refrigeration 
plant. With increasing temperature there would 
be no danger of crystallisation in the cold brine 
pipes. Heat transference would be arranged in a 
preoipitation vat provided with stirrer arms, the 
agitation of the solution assisting heat transfer and 
preventing the deposition of crystals on any part 
of the apparatus. The separation of crystals from 
solution can be made in a grainer with mechanical 
rakes, as used in the salt industry. 
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Vacuum -pan Evaporation. — A considerable 
amount of work has been done in connection with 
the concentration of nitrate liquors in vacuum-pan 
evaporators, and reliable data are available which 
indicate the practicability of the method. 

High-grade oaldo, which is desirable under all 
ciroumstances, can only be produced by a corre- 
sponding high temperature. This indicates a 
difficulty in operating multiple-effect pans : the 
final liquor is dense and only oiroulated with diffi- 
culty, and there is a danger of the precipitation of 
nitrate in the high-vacuum effects. The problem 
of handling the large amount of salt deposited 
and the need for the frequent cleaning of the 
apparatus indicates the need for efficient control. 

The success of vaouum-pan evaporation of water 
in the salt industry is largely the result of the 
utilisation of exhaust steam. The cost of pro- 
ducing power on the nitrate pampa is so high and 
the amount of exhaust steam available is so small 
that little advantage results by the installation of 
vaouum-pan evaporators. It would appear that 
the logical looation for such apparatus would be 
at the coast. Considerable economies could be 
effeoted by the utilisation of exhaust steam from 
plants supplying current for mining or nitrate 
enterprises inland, local power requirements, or 
from the electrification of railways. 

The solution to be evaporated at the port works 
would preferably be a refrigerated or cooled agua 
vieja, transported to the ooast in pipe line or by 
means of oil tank oars, which are now returned to 
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the coast empty. The products at the port works 
would be commercial nitrate and water. 

The Advantages of such a Scheme are : 

1. Economical distillation of water, available 

for sale at the coast. 

2. Saving in freight on fuel from port to pampa ; 

and freight of a considerable proportion of 
total nitrate produced, from pampa to 
port. 

3. Improved extraction of nitrate in the leach- 

ing plant by the avoidance of return of 
nitrate solution (agua vieja or agua feble) ; 
and more rapid treatment. 

4. Concentration of power plant and evaporator 

work at the coast, where conditions are 
more favourable for keeping the high- 
class mechanical labour required, and for 
maintaining the equipment in satisfactory 
condition. 

6. Major plant expenditure will be in connec- 
tion with port works, which will be avail- 
able for the treatment of brine from the 
nitrate fields in the vicinity, or between 
the port works and the nitrate plant. 

6. Opportunity to purchase agua vieja from 
small oficinas near the railroad or pipe 
line at low rates, for all operators know 
that, by avoiding the return of agua 
vieja to the plant, greatly improved 
results can be secured. 
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THE EVAPORATION OF WATER FROM 
NITRATE SOLUTIONS* 

The evaporation of water from nitrate solutions 
constitutes one of the major expenses of caliche 
treatment at the present time. The efficiency of 
any alternative to the Shanks process will depend 
largely bn how cheaply the commercial produot 
can be obtained from the solutions resulting. 

Solar Evaporation* — Primary consideration must 
be paid to the possibility of utilising the ex- 
traordinarily favourable atmospheric conditions 
prevailing at all seasons of the year, on the Chilean 
nitrate pampa — the heating effect of the sun, the 
abnormal dryness of the atmosphere, the persistence 
of high winds, and the almost entire absence of 
rainfall. These advantages point to conditions 
which are highly favourable to solar evaporation. 
The feasibility of utilising the evaporative powers 
of the air in conjunction with the sun-heating of 
thin layers of liquor at a negligible expense ofEers 
advantages .that cannot well be disregarded. The 
problem confronting the industry as soon as the 
present high-grade deposits are nearing exhaustion 
will be in connection with the recovery of a com- 
mercial nitrate from a comparatively low-grade 
brine. The fractional crystallisation of such a 
solution by solar evaporation and the production 
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of an impure crystal must be inevitably an important 
phase of any logical scheme suggested. 

The principal objection to the adoption of a 
system of solar evaporation in Chile is the porous, 
absorptive nature of the ground on the pampa 
when considered for suoh a purpose. The flats 
must necessarily cover a large area. If constructed 
of steel, the expense would be prohibitive. Concrete 
is generally unsuitable for nitrate solutions, especi- 
ally in view of the fact that minor earthquake 
shocks are of frequent occurrence. 

In practically all parts of the nitrate pampa a 
finely-divided clayey material iB encountered, locally 
known as borra. It is proposed (patent applied 
for) to enclose suitable areas of flat or levelled 
ground with walls of masonry, borra pug, or other 
impervious mixture, at a small distance above and 
below the ground. Chuca, costra, caliohe, or other 
earthy material in the vioinity, or obtained from 
the levelling of the ground, and containing the 
borra or clay mentioned, will be delivered to a 
type of mixing machine, and a pulp obtained by 
the addition of water. If the mixture oontains 
over a certain percentage of sand or coarse material, 
the pulp will be classified — the coarser proportion 
will be removed by hydraulic or cone classifiers 
or by meohanical means, or by hand labour. The 
remaining liquid, containing the borra, will if 
necessary be thickened, and the excess of water 
thereby removed. Borra pulp obtained either in 
the manner described, or resulting from the treat- 
ment of caliohe by the Shanks or other process 
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which results in a classification, mil be pumped 
or delivered by other suitable means to the en- 
closure, over which it will be allowed to flow. As 
soon as a complete layer has been formed, of suit- 
able thickness, the borra may be left exposed and 
so partly dried, so that it can be rolled and levelled. 
A top layer of sand, gravel, or other material may 
then be added for a surface ; or the flat may be 
flooded with brine and the crystals resulting from 
subsequent evaporation may be utilised to form 
a protective bed. 

Experiments have demonstrated that a con- 
siderable amount of commercial nitrate can be 
obtained by the solar evaporation of water from 
agua vieja, especially if the evaporated water is 
replaced at the same time by more agua vieja. 
Beyond a certain point an impure nitrate-salt 
crystal is produced, and at a later stage it would 
be profitable to return the brine liquor to the 
treatment plant. 

Certain flats would be used for the crystallisation 
of a commercial product, the solution being pumped 
to other flats as soon as the percentage of salt 
being deposited rose above the economic limit. 
The commercial crystals would be centrifuged in 
the usual way, to lower salt percentage by the 
reduction of the amount of entrained brine in 
contact with the produot ; and then sacked or 
otherwise prepared for shipment. The impure 
crystals from the second series of flats would be 
delivered to the refining plant, where any available 
solution would be used to prepare a oaldo by ad- 
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mixture with the impure crystals and the applica- 
tion of heat, the excess salt crystallising out as the 
density of the liquor increased, or remaining as 
an insoluble. The usual methods can he followed 
for the separation of the salt and the crystallisation 
of commercial nitrate from the caldo produced. 

The harvesting of the crystals produced in the 
solar evaporation flats would be carried out by 
meohanical means, and by the use of apparatus 
the efficiency of which has been amply demon- 
strated in the salt industry. The most suitable 
machine for the purpose would loosen the deposit 
by means of a plough, elevate the orystals by chain 
and bucket elevator, and deposit them into cars. 

Spraying of Caliche Piles. — Piles of caliche are 
exposed, at several stages in the handling of 
the material, to the hot sun and dry air of the 
pampa. It is suggested that advantage be taken 
of the absorptive nature of the atmosphere to 
accomplish some of the necessary evaporation by 
spraying the piles with agua vieja or other nitrate 
liquor. The disadvantage in the proposal is seen 
in the complication introduced in connection with 
the accounting of nitrate recovery. 

It is not suggested that the system should form 
a fundamental phase of any scheme of treatment, 
or be relied upon for the evaporation of large 
amounts of water. On the other hand, the cost of 
the operation would be negligible. 

Spray Evaporation of Water in Hot Nitrate 
Solutions, in Presence of Fine Gases, and above 
Moving Caliche Bed. — With an ability to regulate 
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the operation, an efficiency of about 75 per 
cent, of heat in flue gases may be expected if 
spraying is practised. If a considerable amount 
of water is required to be evaporated by this 
method, then the heat from the flue gases may be 
supplemented by oil burners. The solutions cannot 
' be concentrated, but a system of operation to 
insure evaporation of water and the automatic 
handling of crystals produced might be arranged 
on the following lines : 

The caliche to be fed to a storage bin after having 
been fine-crushed to the required size, and dis- 
tributed over the width of a pan conveyor forming 
the floor of the spray compartment. This conveyor 
would deliver to a second conveyor system feeding 
the leaching vats. 

The spray house, of whioh the pan conveyor 
formB the floor, would be provided with intake 
fans and free exit, or free intake and exit fans. 
The air passing into the spray house would be 
under strict control, with low velocity to prevent 
drift losses. The walls of the spray house would 
be thoroughly insulated to prevent heat losses. 
With the walls at a lower temperature than the 
solution it is improbable that any considerable 
deposition of crystals would occur there. Hot 
agua vieja could be used, being atomised by any 
of the vari ous methods of spraying in use. Deposited 
crystals would fall on the moving caliche bed, to be 
mixed with the charge. It might be found desirable 
to regulate the agua vieja flow so that an evapora- 
tion of about 60 per cent, of the water content of 
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the solution would be obtained, and the deposited 
material would then be mostly salt. 

A possible advantage of the scheme would be that 
operation could be made to produce a calcination 
of the borra particles in the charge. If a counter- 
current flow of flue gases and caliche was arranged 
in some type of tumbler, the borra particles would 
be released from the charge, exposed to maximum 
heat, carried forward to the spray chamber, where 
they would be trapped by means of the semi- 
evaporated brine spray possibly rendered less 
refractory for leaching treatment, and mixed with 
the charge in the identical proportions in which 
they originally existed. 

Spray Evaporation of Water from Atmospheric- 
Temperature Solutions by means of Noft&les* — 
In such a system there can be no appre- 
ciable heat losses. But heat loss is a necessary 
concomitant to evaporation, so that with atmo- 
spheric-temperature solution and cold air it is 
obvious that evaporation will he insignifioant in 
proportion to size of plant and power required. 
It has been found in practice that efficient control 
involves considerable supervision. A minute, im- 
pure, slime crystal is formed, which must he handled 
by means of settling and pumping equipment. 
Nozzle-spray evaporation under such conditions is 
only feasible with agua vieja or lower-grade solu- 
tions. The latter, however, are invaluable for 
dissolving and replacing purposes in leaching 
treatment, and their abstraction at any earlier 
stage of the process would interfere seriously 
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with the efficient extraction of nitrate from the 
caliche. 

Appreciable evaporation (up to 6 per cent, of 
the water contained, per passage through the 
nozzle) can only be secured by an exceedingly 
fine atomisation of the solution, involving com- 
paratively high pressures. Complete evaporation 
of water in individual particles of solution, there- 
fore, results, and a considerable amount of salt is 
deposited. Chokage of the nozzles is of frequent 
occurrence with a solution of the density and other 
characteristics of cold agua vieja. The clearing 
of the pipe lines with steam tends to free iodine, 
and oorrosion results, the scale produced causing 
continual trouble. 

Evaporation in Multiple-Effect Vacuum Pans* 
— Full-scale evaporator plants are in operation 
on the Chilean pampa, and sufficient data are 
available for commercial plant design. Multiple- 
effeot evaporators combine the advantages of caldo 
production, heat economy, water conservation, and 
quiok evaporation in one step. By the use of 
caldillo — the first solution from a leaching plant — 
a solution is taken which has no value for replace- 
ment or dissolving purposes. 

The disadvantages of vacuum-pan evaporators 
are seen in high first costs, possible danger through 
depreciation from iodine oorrosion, and the frequent 
need for cleaning, thus reducing the evaporating 
efficiency and the capacity of the plant. 
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USE OF THE GRAINER FOR EVAPORATION 
AND CRYSTALLISATION PURPOSES. 

Grainers with mechanical raking devices (see 
Pig. 2, patent applied for by inventor — G. B. 
Willcox) have been uBed extensively in the salt 
industry, and have recently been adopted for the 
cooling and evaporation of water from concentrated 
liquors made from the crystals produced by the 
fractional crystallisation (by solar evaporation) of 
potash brine. The size of the grainers now used 
is standardised, being 150 feet long, 12 feet wide, 
and 2 feet deep. Steel is generally used for the 
tray, and is recommended in place of concrete, 
especially in the oase where hot liquors are being 
handled. 

The raker is of light angle-iron construction with 
cross braces, at intervals, which carry scraper 
blades. A slow, long stroke is given to the meohanism 
by means of direct connection with the piston of 
an hydraulic oylinder. On the forward stroke the 
blades push the salt forward and up the incline. 
On the return stroke the blades feather the deposit. 
The brine forms the lubricant. Wearing plates 
on the side angles move on cast-iron shoes placed 
in the bottom of the grainer. The stuffing-box 
connection shown in the accompanying illustration 
is seldom used. The cylinder piston-rod extension 
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is usually connected direot to a light angle-iron 
structure, which is riveted to the tail end of the 
mechanism away from the salt discharge. Apart from 
this connection, the raker is entirely submerged. 

Water pressure is used to operate the cylinder, 
the liquid being in continuous circuit through the 
cylinder and back to the pressure pump. Adjust- 
ment of stroke frequency or speed is made by 
opening or closing the valve leading to the cylinder. 

The grainers operate in buildings in which quan- 
tity of air supplied is under control, and where 
minimum loss of heat occurs. At one potash 
refinery, three standard rakerB, equipped with 
Willoox mechanisms, are used in series. The hot 
potash caldo enters at the head of the first grainer, 
near the crystal discharge, passes out through the 
tail of the first grainer into the tail of the second, 
out of the head of the second into the head of the 
third, and finally out of the tail of the third. During 
passage through the grainers the potash brine drops 
to atmospheric temperature, The collection of 
crystals is entirely automatic, the product is com- 
paratively coarse, and carries about 8 per cent, 
moisture. 

It would appear that, in the absence of any 
sudden chilling of the solution, all crystallisation 
begins on the surface of the liquor. Crystals formed 
in this manner are free and fall to the bottom. 
With ordinary grainer operation there appears to 
be no growth of crystals except at the sides, and 
if these were properly insulated it is suggested that 
no crystallisation would occur there. 
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No work appears to have been done in Chile 
with regard to the automatic handling of crystals 
deposited from nitrate solutions, in spite of the 
high cost of operation and clumsiness of the present 
methods. It is suggested that there is a field for 
the use of grainers, 

Fitted Entirely or for a Portion of 
Length with Steam Pipes. 

(а) In connection with the desalting and con- 

centration of caldillo or other liquor. 

(б) In connection with the final concentration 

and desalting, or desalting only, of vacuum- 
pan liquor. 

Without Steam Pipes. 

(а) For evaporation and orystal deposition 
with continuous flow of solution. 

(б) In connection with the evaporation of 
water from caldo, the utilisation of the 
majority of the contained heat, and with- 
out the deposition of a prohibitive amount 
of salt. 

The advantages to be gained by the successful 
adoption of such a system would include : 

1. Reduction in area of plant required. 

2. Ability to grade product, from high-grade 

crystals containing caldo (with low salt 
percentage) as moisture, to the ordinary 
commercial nitrate. 
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3. Elimination of all hand labour, and the con- 

tinuous and automatic delivery of crystals 
of varying grades, from pure nitrate to a 
commercial product. 

4. Elimination of launder delivery of caldo for 

distances, with reduction of radiation 
losses, prevention of formation of small 
crystals and high moisture percentage in 
product. 

5. Ability to control heat losses during earlier 

stage of cooling, so as to obtain maximum 
evaporation of water ; and ability to 
hasten later stage when evaporation is 
slight. 
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Technology of Iron Enamelling and Tinning. By Julius Grunwald. 7s. 6d. 

Raw Materials of the Enamel Industry. By J. Grunwald. 10b. Od. 
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Celluloid ; Its Manufacture, Application, and Substitutes. From the French of Masbelon, 
Roberts, and Ollard. By Dr. H. H. Hodgson. 30s. 

Chemistry of India Rubber. By C. 0. Weber, Ph.D. Third Impression. With many 
Illustrations. 18a. 

The Manufacture of Rubber Goods. By Adolf Heil and Dr, W. Eson. Translated by 
E. W. Lewis, A.O.G.I. In Cloth. Illustrated. 12s. 6d. 

Glue, Gelatine, and their Allied Products., By Thomas Lambert. In Largo Crown 8vo, 
Tolly Illustrated. 6s. 

Leather Trades Obemlstry. By S. R, Tbotman M.A. F.I.O. In Handsome Cloth. Fully 
Illustrated, 18s. 

Ink Manufacture. By 0. A. Mitchell, B.A., F.LG., and T. 0. Hepworth. second 
Edition, Revised. In Cloth. With Plates and Illustrations. 9s. 

•Incrganle Chemistry. By A, Dupre and Wilson Hake. Third Edition. 7s. 6d. 
■dementi of Ohsmlcal Engineering, By J, Grossmann, Ph.D. Ssoond Edition. 4b. 
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Outlines of Qualitative Analysis. By A. H. Sexton, F.I.C. Fourth Edition 3s. od. 
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~ the fe rmentation ind ustries. 

Third Edition. Cloth. Fully Illustrated. 25b. 

principles and practice of brewing.. 

FOR THE USE OF STUDENTS AND PRACTICAL MEN. 

By WALTER J. SYKES. 

Revised by ARTHUR R. LING, F.I.C., F.O.S., 

Editor of the Journal of the Institute of Brewing. 

Contents. —Physical Principles Involved. — The Chemistry of Brewing. —Th* 
Mloroscope. — Vegetable Biology. -Fermentation.-' Water. — Barley and Malting.— , 
Arrangement of Brewery Plant.— Quantities of Materials,— Fermentation.— Antiseptics. 
-Finings.— Characteristics of Beer.— Diseases of Beer. —Index. 

" A thorough and comprehensive text-book . . . up-to-date ... a standard ' 
text-book. ,J — Brewers' Journal. 


In Large 8vo. In Two Volumes. 

Each Volume Complete in Itself, tsrui Sold Separately, 

TECHNICAL MYCOLOGY: 

The . Utilisation of Mioro-organisms in the Arte and Manufacture «. 

By Dr. ERA N Z LAEAR, 

Prof, of Fermentation-Physiology and Bacteriology In the Technical High School, Vienna. 
TRANSLATED By CHARLES T. C. SALTER. 

Vol. I.— SGHXZOM YC BTIG FERMENTATION. 18s. 

VoL II.-EUMYOBTIC FERMENTATION. 80s. 


Nom— Part I, of Vol. II. was Issued separately at 7 b. 8d. Copies of Part H., 
Vol. II., have, therefore, been bound up to enable those possessing Part I. to oomplew 
their copies. The price of Vol. II., Part II., Is 18s. net. 

“The drat work of the kind whloh oan lay olalm to completeness In the treatment of 
a fascinating subject. The plan is admirable, the classification simple, the style is good, 
and the tendenoy of the whole volume is to convey sure information to the reader. — 
Lancet 

Fifth Edition. In DemySvo. Revised Throughout. Pp. ixi + ^89. 
With 101 Illustrations. In Cloth. ISs. 

MICRO-ORGANISMS AND FERMENTATION. 

Bt ALFRED JORGENSEN. 

Translated by SAMUEL H. DAVIES, M.Sc. 

Contents,— Mloroscopical and Physiological Examination— Biological Examination 
of Air and Water— Bacteria— Moulds— Yeasts— The Pure Culture of Yeasts on a Large • 
Scale.— Index. 

“ The student taking up this subjeot would do well to work through this hook first 
and then take Lafar’s .”— Brewing Trade Review . 


In Crown 8vo. Cloth. Prioe 9a. 

FERMENTS: AND THEIR ACTIONS. 

A Text-book on the Chemistry and Physios of Fermentative Changes r 
By CARL OPPENHEIMER, Ph.D., M.D. 

Translated by O, AINSWORTH MITCHELL, B.A., F.I.C., F.O.S. 

Conti NTS. — Introduction. — Definition of Ferment. — Chemical Nature of Ferment.— 
Influence of External Faotors on Ferments. — Mode of Action. — Physiological Aotion,— 
Secretion of Ferments. — Ferments and the Vital Processes. — A. The Hydrolytic 
FamniNTfl : Proteolytic Ferments. — Trypsin. — Baoteriolytlc and HeBmolytlo. — Proteo- 
lytic Vegetable Ferment®. — Coagulating Ferments, — Saccharifying Ferments.— Animal 
Diastases.— Enzymes of the Disaccharides. — Ferments which decompose Glucosldee.— 
Lactic Add Fermentation.— B. The Oxidising Ferments : Alcoholic Fermentation.— 
Biology of do. — The Oxydases,— Aoetlo, Oxalic, and similar Fermentations, — Biblio- 
graphy. — I ndex. : - 

“ Snoh a veritable mvltum in parvo has never yet appeared. 1 —Rrwsri 1 Journal 
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In Large Svo. Cloth. Pp. i-xvi + 201. Wkh 53 Illustrations. 10s. 6 

VINEGAR: 

ITS MANUFACTURE AND EXAMINATION. 

By C. AINSWORTH MITCHELL, F.I.C. 

Contents. — Introduction. — Theories of Acetic Fermentation. — The Acetic Baote 
— Chomicat Bo-actions In Acetlflcation. — Acetic Acid. — Preparation of the Gyle. — Ao 
fleation of the Gyle. — Treatment of Crude Vinegar. — Methods of Examination. — Chat 
teristics of Different Vinegars.— Appendices.— Index. 

“ No one is better able to perform the task than Mr. Mitchell ... a most usf 
-addition to the literature ."— Brcicertf Journal. 


In Two Volfl., Large Svo. With Illustrations. Sold Separately. 


CHEMISTRY FOR ENGINEER; 
AND MANUFACTURERS. 

' iBY 


BERTRAM BLOUNT, F.I.O., & A. G. BLOXAM, F.I.C 


Vol, I. Second Edition. Pp. i-xiii + 392. 14a. 
CHEMISTRY OF ENGINEERING, BUILDING, AND 
METALLURGY. 

General Contents . — Introduction.— Chemistry of the Chief Materials of Construction 
Sources of Energy.— Chemistry of Steam-raising.— Chemistry of Lubrication a 
Lubricants.— Metallurgical Processes used In the Winning and Manufacture 
Metals.— Index. 


Vol. II. Second Edition. Pp. i-xv + 513. Ills. 

CHEMISTRY OF MANUFACTURING PROCESSES. 

‘General Contents .— Sulphuric Acid Manufacture.— Alkali, &c.— Destructive Distill atic 
—Artificial Manure.— Petroleum.— Lime and Cement —Clay and Glass.— Sugar a 
Starch.— Brewing and Distilling.— Oils, Resins, and Varnishes.— Soap and Condi 
—Textiles aud Bleaching.— Colouring Mattel's, Dyeing and Printing.— Paper a 
Pasteboard.— Pigments and Paints.— Leather, Glue, and Size.— Explosives a 
Mntohes.— Minor Manufactures.— Index. 

“A fascinating book, packed filll of immensely interesting and useful lnforn 
tlon Engineer. 

“ Should form a liaudy hook of reference to both chemical engineers and woi 
toiu lagers ."— Chemical Traac Journal. 


In 7 \do Volumes, Half Morocco, each complete in itself. * 

PHYSICO-CHEMICAL TABLES 

For the Use of Analysts, Physicists, Chemical Manufacturers and 
Scientific Chemists. 

Volume I. — Chemical Engineering, Physical Chemistry. 

Pp. i-xxxii + 54S. 30s. 

Volume II. — Chemical Physics, Pure and Analytical Chemistry 
Pp. i-xiv + 549 to 1235. With Index to the two Volumes. 42s. 

By JOHN CASTELL-EVANS, F.I.C., F.C.S. 

The Work comprehends as far as possible all hulks and tablbs required by t 
Analyst, Brewer, Distiller, Acid- and Alkali-Manufacturer, &c M &c ; and also the pri 
oipal data in Thermo-Chbmistry, Electro-Chemistry, and the various branches 
Chemical Physics. Every possible care has been taken to ensure perfect accuracy, a 
to include the results of the most recent investigations. 
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In Medium 8vo. Cloth. Pp. i-viii 4- 133, With Tables. 7s. Gil. 

A LABORATORY HANDBOOK. 

AIDS IN THE COMMERCIAL ANALYSIS OF 

OILS, FATS, & THEIR MANUFACTURED PRODUCTS 

By GEORGE FENWICIC PICKERING, 

Head Ohemlat and Works Manager, formorly Research ABBlstant to 
the late Hr. Lewkowltscli. 

Contents. — Sampling and Preparation lor Analysis, — Physical X^oportlns.— Cliomleal 
Examination. — Patty Oils, MlBclblo Castor. Boiled Oils, Blown Oils, oto. — Sulphouatcd 
Ohs. Neutral Eats, Foods, etc. — Pat Splitting and Distillation Products. — Glycerine.— 
Ream. — Recovered Products and their Distillation Products. — Mineral Oils and Waxes 
and Lnbrloating Greases.— Index. 

" This handbook oontalnB a good deal ol analytical data not found In the larger text- 
books, and Blionld prove useful as a laboratory manual to the technical oil chemist engaged 
In the analysis of manufacturers’ by-products.’' — Perfumery and Essential Oils Record. 

44 The volume is unique and should be In the library of overyono having to do with 
the analysis of oils and fats." — Journal of Industrial Enymeering and Chemistry. 


Third Edition. In Large Svo, Cloth. 

OILS, FATS, BUTTERS, AND WAXES: 

THEIR PREPARATION AND PROPERTIES, AND MANUFACTURE THERE- 
FROM OF 0ANDLE8, 80APS, AND OTHER PRODUCTS. 

By C. R. ALDER WRIGHT, D.Sc., F.R.S. 

Thoroughly Revised Throughout 

By C. AINSWORTH MITCHELL, B.A., F.I.C., F.C.S. 

Abridged Contents. — General Composition and Nature of Oils, Butters, Pats, and 
Waxes, — Physical Properties of Oils, Pats, Waxes, etc. — Cliomleal Properties. — Processes 
for Hxtraotlng, Rendering, Roflning, and Bloaoliing. — Glassification and Uses of Fixed 
Oils, Pats, Waxes, eta — Adulteration. — The Candfe Industry. — The Soap Industry. — 
INDEX. 

11 Will be found absoiutei,* indispensable ."-- The Analyst. 


In Demy Svo. Cloth. Pp. 108. With Frontispiece and other Plates. Gs. 
THE PLANTING, CULTIVATION, AND EXPRESSION 

op 

COCONUTS, KERNELS, CACAO 

AND 

EDIBLE VEGETABLE OILS AND SEEDS OF COMMERCE. 

A PRACTICAL HANDBOOK 
For Planters, Financiers, Scientists, and Others. 

By H. OSMAN NEWLAND, F.RHist.S., <tc. 

■ Contents.— Introduction,— The Coconut and Its Uses.— Palm Oil and Kernels.— 1 Tho 
.Ground Hut. — Tho Shea- Nut and Butter. — The Cacao Bonn.— The Soya Bean, Cotton- 
seed, and Sesame. — Babassu and Paraguay Kernels and Miscellaneous Nuts.— A ppendix: 
List of Societies and Companies, etc., -In terested In Edible Oils.— Index. 
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In Crown 8vo. With Diagrams. 

A MANUAL OF 
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FOR STUDENTS AND PRACTICAL MEN. 

By HARRY INGLE, D.Sc., Ph.D., F.I.C. 

ANALYSIS AND VALUATION. Price 4a. 

By HARRY INGLE, D.fio., and J. A. L. SUTCLIFFE, A.I.C. 

Contents. — Introduction* — Introduction to the Chemistry of the Oils, Gums, etc* 
— Physical Testa. — Chemical Tests. — Qualitative Tests for Oils. — The Classification 
of Oils. — The Systematic Exmlnatlon of Oils, Fats, * and Waxes. — Technological 
Analysis.— Tables of Oil Constants.— Index. 


In Large Svo. Cloth. With Plates and Illustrations. 9s. 


THE MANUFACTURE OF INK. 

A Handbook of the Production and Properties of Printing, Writing* and 
Copying Inks. 

By C. A. MITCHELL, B.A., F.I.C., F.C.S., & T. C. HEPWORTH. 

"Thoroughly well arranged . . . and of a genuinely practical order .’’— British Printer. 


In Crown 8vo. Cloth. Pp. l-xit+173. Fully Illustrated. 7s. fid. 

PEAT: Its Use and Manufacture. 

By PHILIP R. BJflRLING and FREDERICK T. GISSING. 

GsiraaAL Oor*hhtb.— Introduction.— The Formation or Peat.— Area and Depth or Bog# In 
Principal Countries.— Manufacture of Peat Fuel, Ao.— Out Peat, Dredged Peat, and Manufactured 
Peat— Machinery employed In the Manufactureof Peat Fuel.— Peat Moss Litter, and the Machinery 
employed in Its Manufacture.— Peat Charcoal and Its Manufacture.— Cost of making Peat Fuel ana 
Oharooal.— Other Productions derived from Peat, such ns Tar, Manure, Candles, Dyes, Paper, Ac. 
— Bthlioqsaphy.— Index. 


In Crown Svo. Cloth. Pp. I-x+lDl. Fully Illustrated. 7s. Gd. 

COMMERCIAL PEATs 

Its Uses and Its Possibilities. 

By FREDERICK T. GISSING. 

CONTENTS.— Alcohol from Peat.— Nitrates from Peat.— Ekenberg Wet Carbonising 
Process. — Utilisation of Peat, Peat Gas, Peat Gas Producers. — Peat for Sewage Purposes. 
— Reclamation and Cultivation of Poat Lands. — Peat from Falkland Islands. — Ziegler's 
Peat Coking Process. — Paper from Poat— Peat Dryers.— Excavators. — Cutters, — Mlnoing 
or Disintegrating Maohlno. — Squeezer. — Drying Ovens. — Hydro-Extraotors. — Pallet 
Conveyor,— Peat Fuel Manufacture. — Destructive Distillation of Peat. — Peat Moss Litter. 
— Boling Process. — Litter Factory. — Peat Mull Grinding Mills. — Tearing and Mixing 
Machine. — Lennox Potent Plan t— Filters for Peaty Waters.— Peat Deposits. — Appendices . 
—Index. 


In Pocket Size. Strongly Bound. 

PEAT INDUSTRY REFERENCE BOOK. 

By FREDERICK X. GISSING. 

Contents.— Formation, Classification, and Composition. — Working of Peat. — Treat- 
ment of Raw Material.— Peat and Peat Products as Solid Fuel. — Distillation of Peal. 
— Peat Gas. — Uses and Froduota other than Fuel. — Miscellaneous Information, Fprmulw, 
Tables, eto.— Utilisation of Poat.— Appendices.— Index, 
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In Cloth. Pp. i-xxx i + 778. With 2 Coloured Plates and 206 other 
Illustrations. 36s. 

A TREATISE OW 

QUANTITATIVE INORGANIC ANALYSIS, 

With Special Reference to the Analysis of Clays, Silicates, etc. 

By J. W. MELLOB, D.Sc. 

Part I. General : — Introduction. — Weighing. — Measurement of Volumes. — Volumetrio 
Analysis. — Colorimetry and Turbid line try. — filtration and Washing. — Heating and 
Diving. — Pulverisation and Grinding. — Sampling. — The Reagents. PARI II. Typical 
Bllloata Analyses — Clays: — Volatile Matters. — Opening up Silicates. — Determination of 
SUlca. — The Ammonia Precipitate. — Iron. — Titanium. — Caloium .and Magnesium. — The 
Alkalies. — Abbreviated Analysis and Analytical Errors. — Electro- Analysis. Part III. 
Glasses, Glazes, Colours, and' Complex SlUcmat : — Analysis of Glass, Glaze*, Enamels and 
Colours. — Determination of Arsenic.— Antimony. — Tin. — Lead. — Bismuth and Mercury. 
— Copper and Cadmium — Zinc. — Mamranese,— Cobalt and Nickel. Pact IV. 8peclal 
Methods — Bases : Determination of Molybdenum. — Tungsten, Columbiuin, and Tantalum. 
—Gold and Selenium. — Aluminium and Beryllium. — Special Methods for Non-Compounds. 
— Chromium, Vanadium, and Uranium. — Zirconium, Thorium; and the Boro Earths. — 
Barium. Strontium, Oalulwn, and Magnesium. — Alkalies and their Salts. Pact V. Special 
Methods— Adds and Non-Metals : Carbon. — Water. — Boron Oxide. — Phosphorus.— 
Sulphur. — The Halogens.— Rational Analysis of Clays. — Appendices.— Indices. 

“ Will at once take its place In scientific literature as the standard work on the 
subject."— Chemical New*. 

In Demy 8vo, Cloth. Pp. i-xvii + 411. With 4 Coloured Plates and 
263 other Illustrations. 18 b. 

CLAY AND POTTERY INDUSTRIES, 

Being Vol. I. of the Colleoted Papers from the County Pottery 
Laboratory, Staffordshire. 

BY SEVERAL AUTHORS. 

Edited by J. W. MELLOR, D.Sc. 

For Full List of Contents , send for Prospectus. 


In Imperial 8vo. Strongly and Elegantly Bound in Half Leather. 

Enclosed in Case. Pp. i-xviii + 660. £2 10s. 

CERAMIC LITERATURE 

Compiled, Classified, and Described by M. L. SOLON. 

An Analytical Index to the Works Published In all Languages on the History and 
the Technology of the Ceramlo Art ; also to the Catalogues of Publlo Museums, Private 
Collections, and of Auction Sales In which the Description of Ceramic Objects occupy 
an important place ; and to the most important Price Lists of the Anolent and Modern 
Manufactories of Pottery and Porcelain. 

A work of inestimable value to all serious study of Ceramics ."— Burlington 
Mai mine. 


In Two Large Volumes. Each complete in itself and sold separately. 


BRIQUETTING. 

By Prof. G. PRANKE. 


Translated by E. C, A. H. LantSberry, M'.Sc. , 

Head of the Birmingham Small Anus Company's Laboratory ; Carnegie Research 
Scholar of the Iron and Steel Institute, <fee. 


Vol. I.— In Medium 8vo. Cloth. Pp. I-xxvill + 681. 80s. 

BRIQUETTING OF COALS, BROWN COALS, AND OTHER FUELS. 
Vol. LL— Pp. l-xi + 214. With 4 Plates and 70 Illustrations. 15s. 
BRIQUETTING AND AGGLOMERATION fl 0F ORES, METALLURGICAL 
PRODUCTS, METAL SWARF, AND SIMILAR MATERIALS. 


"To those who are interested in the industry the volume will prove a veritable 
storehouse of facts. The translator has performed his share of the work in a masterly 
manner." — Engineering. 
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Ia Crown 8vo. Pp. i-xi *f 451. With 10 Plates, and 53 Figures in 
the Text. 9s. 

AN INTRODUCTION 

TO 

British Clays, Shales, and Sands 

By A. B. SEARLE, Cantor Lecturer on Brickmaking. 

Contents. — Igneous Rocks from which Clays are derived. — Formation of Cla 
etc., from Igneous Rocks. — The Sedimentary Rooks. — Tho Olay-f arming Portions 
Sedimentary Bock. — How Recent Olay-beda were formed. — The Chief Character 1st 
of Various Clays and Shales— Materials similar to Olay. — Mineral and other ConBbltuei 
of Olay. — The Physical and Chemical Properties of Clays. — Prospecting, Mining, a 
Quarrying. — Purification and Preparation of Clays. — The Legal Position of Clays. 
Appendix.— Index. 

" Full of Interesting material . . . and giving evidence of a very large amor 
of research . . and toohnloal knowledge.*' — British Ciaytcorker. 


Third Edition, Thoroughly Revised. In Crown Svo. Cloth. 

Pp. i-viii + 416. With 32 Illustrations. 

The Clayworker’s Handbook. 

A Manual for all engaged in the Manufacture of Articles from Clay 

By ALFRED B. SEARLE, Cantor Lecturer on Bridkmaking. 

GiNBBi.it Oontmnth.— Materials used in Olayworklng ; Clays, Engobes, Glues, Golou 
Water, Fuel, Oils, and Lubricants:— 1 The Preparation of the Olay, Mining and Quarryli 
Weathering, Washing, Grinding, Tempering, ana Pugging. —Machinery; Rollers, Engines, Gene: 
Machinery, Sieves, Mixing Machinery, Presses, Ac.— Dryers and Drying.— Engobing and Glarii 
—Setting or Ohargiutr, Transport.— Kilns.— Firing.— Discharging, Sorting, ana Packing.— Defei 
and Waste.— Tests, Analysis and Control.— BibIiIoobaphy.— tablbb.— Indhx, 

“We can thoroughly recommend this handy little book to all our readers .*'— Bridh a 
Pottery Trades' Journal . 


In Medium 8vo. Pp. i xii + 444. With 135 Illustrations. Cloth. 19 

Refractory Materials, 

Their Manufacture and Uses. 

By ALFRED B. SEARLE. 

Contents. — Raw Materia La. — Clay Firebricks. — Silica Firebricks. — Dolomites a: 
Llmebrioks. — Bauxite, etc., BrlckB^-Oarbon Bricks. — Chromite and Carborundum Bricl 
— Refractory Slabs, Blocks, and Hollow Ware. — Saggen. — Muffles. — Crucibles a; 
Soariflers.— Retorts.— Fused Silica Ware.— Porcelain Mortars and Cements. — Appllcati 
of Materials.— Appendix.— Index. 

", . . The book will give impulse to that keen deBlre for knowledge which Is shov 
Increasingly at evory meeting of tho Refraotory Section of the Ceramic Society.” — Briti 
Claymrher. 

“ Such a hook as this has long been wanted, for, besides appealing strongly to man 
faoturera of refraotory materials, it Bbould also serve as a hanay reference book for ste 
manufacturers and all other firms who use tlieao materials. Every progressive flrebrii 
manufacturer will not delay In ordering a copy of this book.” — Brick and Pottery Trad 
Journal . 

" The book deserves a good reception, as It is well written and illustrated, and It shou 
do much in helping both makers and users of refractory materials ,” — The Builder. 
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In Large Crown 8 to. Fully Illustrated. In Two Volumes. 

In Preparation.— Vol. I. Fifth Edition. Vol. II. Third Edition. 

THE CHEMISTRY OF 

G-JSLS MANUFACTURE : 

A Hand-Book on the Production , Purifloation f and Testing of Hiuminating 
Gas, and the Assay of the Bye-Produots of Gas Manufacture . 

By W. J. ATKINSON BUTTERFIELD, M.A., F.I.C., F.O.S., 

Formerly Head Chemist, Gas Works, Beokton, London, E. 


Preliminary Announcement (Aug., 1919). In aotive preparation. 

In Medium 8vo. doth. Folly Illustrated. 

COKE-OVEN AND BY-PRODUCTS 
WORKS CHEMISTRY. 

By T. B. SMITH, 

Gold Medallist, Ooke-Ovan Managers’ Association; Manager and Chief Chemist, 
Coke-Oven and By-Prodnot Works. 

Contents. — Preface. — Washeiy and Ovens. — Gas. — Analysis of the Gas. — Flue 
Gases. — Tar Distillation Plant. — Testing of the Fractions of Tar Distillation. — Ammonium 
Sulphate Plant. — Calorimetry and Pyrometry. — Benzol Recovery Plant. — Appendix I. 
Some Constituents of Coal Tar and their Properties. — Appendix II. International Atomic 
Weights, Standard Solutions for Volumetric Analysis. — Tables for Use in Volumotrlo 
Analysis. — Index, 


In Large Crown 8 vo. Pp. i-xvi+310. Cloth. Illustrated. 7a. 6d. 

THE CALORIFIC POWER OF GAS* 

By J. H. OOSTE, F.I.O., F.C.S. 

Contents. —Historical.— Calorific Standards.— Constituents of Coal Gaa and Similar 
Gaseous Mixtures. — Their Thermal Properties. — Calorimetry.— Appendix. — INDEX. 

“Briefly, we have traced the evolution of gas testing as set out so admirably by Mr. 
Costs ... An Appendix, with some valuable and practical tables, completes this 
admirable book ." — Gas Engineers? Magazine. 


In Crown 8vo. Pp. i-xvi + 208. Cloth, Fully Illustrated, 7fl. 6d. 

THE EXAMINATION AND THERMAL VALUE 

OF 

IH IJEL: 

GASEOUS, LIQUID, AND SOLID. 

By J. H. COSTE, F.LC., and E. K. ANDREWS, F.I.C. 

Contents.- Introduetoiy. Part I.— Chbmioal and Physical Examination op 
Fuel.— Sampling and Analysis of Gaseous Fuel and Flue Gases.— Sampling and 
Examination of Liquid Fuel.— Sampling and Examination of Solid Fuel. Part II— 
Calorimetry op Fuel.— Principles and Methods.— The Oalorlmeter and lta Surround- 
ings. — Goa eons Fuels.— Liquid Tests.— Solid Fuels.— Bomb Calorimeters, — INDEX. 

" The book may be regarded as an authoritative work on fuel examination, and may be 
used with confidence, both fox reference on disputed points and for descriptions of routine 
Work." — Chemical News. 
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Second Edition, Rewritten. Illustrated. Pp. i-xi + 396. 10s. 6d. 

ACETYLENE: 

THE PRINCIPLES OF ITS GENERATION AND USE: 

Br F. H. LEEDS, F.I.O., F.C.S., 

A»d W. J. ATKINSON BUTTERFIELD, M.A., F.I.C., E.O.S., 

Consulting Cliemiat, Author of “ The Chemistry of Gas Manufacture." 

Contents. — Introductory. — The Cost and Advantages of Acetylene Lighting. — The 
Physics and Chemistry ol the Reaotion between Carbide and Water. — The General Prin- 
ciples o; Acetylene Generation.— Apparatus.— Selection of a Generator. — After-treatmonl 
of Acetylene. — Chemical and Physical Properties. — Mains, Sendee Pipes, etc. — Combust loi 
In Luminous Burners. — Incandescent Burners. — Heating Apparatus. — Motors. — Auto* 
genous Soldering. — Carbnretted Acetylene. — Compressed ana Dissolved Acetylene.— 
Portable Lamps and Plant. — Valuation and Analysis of Carbide. — Descriptions of Gene- 
rators. — Index. 

“We can thoroughly recommend the hook to the manufacturer as a reliable wort 
of reference, to the user ns supplying valuable hints on apparatus and methods ol 
procedure, and to the student as a safe and certain guide.”— Acetylene. 


Large Svo. Haudsome Cloth. Pp, i-xxi + 3o7. 18s, 

FIRE AND EXPLOSION RISKS: 

A Handbook of the Detection, Investigation, and Prevention of Fires and Explosions. 

By Dr. VON SCHWARTZ, . . 

Translated from the Revised German Edition by C. T, C. SALTER. 

Abridged General Contents. —Fires and Explosions of a General Character.— 
Dangers arising from Sources of Liglit and Heat. — Dangerous Gases. —Risks Attending 
Special Industries. — Materials Employed. — Agricultural Products. — Fats, Oils, and 
Resins.— Mineral Oils and Tar.— Alcohol, ifcc.— Metals, Oxides, Adds, die.— Lightning, 
Ignition Appliances, Fireworks. 

“The work affords tt wealth of Information on the chemistry of fire and kindred 
topi£S.'^-Pire and Water . 

“A complete and useful survey of a subject of wide interest and vital importance."— 
Gif and Colourman’s Journal. 


Eighth Edition, Revised, In. Cloth. Pp. i-xxii + 252. With 
234 Illustrations. 6s. 

A PRACTICAL MANUAL OF 

AUTOGENOUS WELDING 

(OXY.AGBTYIjBNB). 

With a Chapter on the Cutting of Metals by the Blowpipe. 

By R. GRANJON and P, ROSEMBERG. 

Translated by D. Richardson, Wn.Ex,, A.M.I.M.E., 

Lecturer on Autogenous Welding at the Northern Polytechnic. 

Contents.— Methods of Making Permanent Metallic Joints.— Autogenous Welding 
with Blowpipes.— In what Cases should it be Employed?— Oxygen.— Acetylene.— Blow- 
pipes.— Welding Installations.— Properties of Metals from the Point of View of Welding. 
—Metals added In Welding.— Preparations of Welds.— Execution of Welds*— Welding 
Iron and Mild Steels. — Hard Steels. — Cast Iron. — Copper. — Brass, — Bronzes. — 
Aluminium — Various Metals and Alloys.— Welding Machines.— Cutting Iron and Stool 
with the Blowpipe.— I ndex. 

“Amply Illustrated, and appears to ns to lie a. thoroughly useful volume in every 
way."— Engineer. 

LONDON: CHARLES GRIFFIN & CO., LTD., EXETERST., STRAND, W.C.2, 
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Third Edition, Revised. In Medium Svo, Cloth. Illustrated. 1 

PAPER TECHNOLOGY: 

AN ELEMENTARY MANUAL ON THE MANUFACTURE, PHYSICAL QUALITIES 
AND CHEMICAL CONSTITUENTS OF PAPER AND OF 
. . PAPERMAKING FIBRES. 

With Selected Tables for Stationers, Publishers, and Others. 

By R. W. SINDALL, F.C.S. 

Contents. — Introduction. — Technical Difficulties relating to Paper. — Rag Papers.— 
Esparto, Straw, Notea on Beating. — Wood Pulp Wood Pulp Papers, — Packing Paper. 
— Art " Papers. — The Physical Qualities of Paper, — Chemical Constituents of Paper. — 
The MIoroscope. — Fibrous Materials used in Paper-making. — Analysis ut a Sheet of Paper. 
— The O.B.S. Units. — Cellulose and Its Derivatives. — Paper Trade Customs— Dictionary 
of Chemical Terms.— Glossary.— Index. 

" Exceedingly instructive and particularly useful /'— Paper Makers Monthly Journal* 


In Crown 8vo. Cloth. 74 Pages. With 6 Plates, and other 
Illustrations. 3s, 

OUTLINES O F 

STATIONERY TESTING, 

By HENRY ALDOTJS BKOMLEY. 

Assistant Examiner of Paper to H.M. Stationery Office, London. 

Contents*— Introduction.— Paper, Its Physical, Its Microscopical, and Its Cheralea 
Examination* — The Characteristics and Requirements of Special Papers. — Parchments, 
VellumB, tuad Leather. — Writing Inks* — Scaling Waxes, Gums, and Office Paste. — Miscel- 
laneous Articles of Stationery. — Index. 

“ Gives In Bimple language conolse Instructions for the praoblcal testing of paper 
physically, microscopically, and chemically/’ — Nature. 


Second Edition. In Medium 8vo. Pp. i-xviii + 310. Thoroughly Revised 
and Re-Writt iSt. 

CALCAREOUS CEMENTS? 

THEIR MATURE PREPARATION, AND USES. 

With «ome Bemax>fe« upon Cement Testing. 

By GILBERT R. REDGRAVE, Assoc. M.Inst. C.E., 

Assistant Secretary for Technology, Board of Education, South Kensington, 

And CHARLES SPACKMAN, F.C.S. 

Contents.— Introduction. — The Burning of Lime. — Retrospective and Histories 
Review of the Cement Industry. — The Early Days of Portland Cement. — The Composition 
of Portland Cement. — Chemical Analysis of Cement, Raw Materials, Portland Cement, and 
Lime.— Analysis of Raw Materials and Portland Cement, Calculation of proportions, etc. 
— Preparation of Mixture by Wet Method. — The Dry Process ; Crushing, Grinding, etc,— 
Calcination.— Rotary Kilns. — Grinding. Storing, ana Packing Cement — Dust — Composi- 
tion of Mortar and Concrete. — Cement Testing. — Volume Tests. — Use of Slugs,— Scott 1 * 
and Selenitic Cement. — Sewage Sludge.— Sid ero Cement — The Plaster Cements. — Speci- 
fication for Portland Cement— Appendices.— Index. 

11 We can thoroughly recommend it as a first-class investment/'— Practical Engineer. 

LONDON : CHARLES GRIFFIN & CO., LTD., EXETER ST„ STRAND, W.C.2. 
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CHEMISTRY AND TECHNOLOGY . 


In Medium 8vo. Cloth. Illustrated. Pp. i-xix + 359. 30s. 

CELLULOID. 

ITS MANUFACTURE, APPLICATIONS, AND SUBSTITUTES. 

Translated from the French of Masselon, Roberts, and Cillard. 

Br H. H. HODGSON, M.A.(Camb.), B.Sc.(Lond.), Ph.D. (Heidelberg). 

Contents. — Composition, Origin, Properties. — Nitrocellulose.— Commercial Nitration 
Processes.— Bleaching of Cellulose.— Drying.— Steeping.— Staining of Celluloid.— Rolling, 
Compression.— Cutting and Dressing.—' Tubes.— Waste.— Analyses.— Mechanical Tests. 
Inflammability.— Precautions In Celluloid Works.— iNPfiX. 


In Crown 8vo. Cloth. Pp. i-vi+114. 4s. 

The Chemistry of the Colloids. 

Br Dr. VICTOR P 0 SCHL. 

Translated prom the Second, Enlarged, .German Edition 
By II. H. HODGSON, M.A., B.Sc., Th.D. 

Contents. — Qeneral Oharacterlstica. Nomenclature.— Properties of Colloidal Solutions. 
■ — Relation of Colloidal Solutions to Solutions Proper, ana to Suspensions. — The DU- 
peraolds and their Classification. — Preparation of Colloidal Solutions. — Research Method*. 
— Ultramicroscopy. — Recent Views on the Nature of the Colloid State. — Importance oi 
Colloidal Chemistry. — Bibliography.— Index. 

11 An excellent little summary of the subject .”— Chemical News. 


In Large Crown 8vo. Pp. i-xii + 153. Fully Illustrated. 6s. 

GLUE, GELATINE, 

AND THEIR ALLIED PRODUCTS, 

A Practical Handbook for the Manufacturer, Agriculturist, and Student of Technology . 

By THOMAS LAMBERT, 

Analytical and Technical Chemist. 

Contents.— Historical. — Glue. — Gelatine. — Size and Isinglass.— Treatment of Efflu- 
ents produced in Glue and Gelatine Making.— Liquid and other Glues, Cements, &C.— Uses 
of Glue and Gelatine. — Residual Products. — Analysis of Raw and Finished Products.— 
Appendix.— Index. . 

"A sufficient account of modern methods of working, chiefly from a practical standpoint. 
A book . . . of real value." — Chemical News, 


In Large 8 vo. Cloth. Pp. i-x+290. Fully Illustrated. iSs. 

LEATHER TRADES’ CHEMISTRY. 

A Pmatlaal Manual on the Analysis of Materials and Finished Products. 

By S. R. TROTMAN, M.A., RI.C., 

Public Analyst for the City of Nottingham, Member of the International Association 
Of Leather Trades' Chemists. 

Synopsis op Contents. — Standard Solutions. — Acids. Alkalies, &c. — Water, — D epilation 
and DeUming.— Fleshings, &C. — Glue. — Spent Liquors. — Mineral ’and Vegetable Tanning 
Agents.— Oils. — Soaps. — Varnishes.— Skin. — Leather. — Dyestuffs.— Degreasing Agents.— 
Effluents.— Glossary.— Index. 

Mr. Trotman has admirably succeeded in his aim. . . . Practically every section of 
th<i leather trade chemistry is gone into ." — Leather Trade d Rnnew. 
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In Medium 8vo. Pp. i-x + 383. Handsome Cloth. 21b. 

RUBBER: 

ITS PRODUCTION, CHEMISTRY, AND SYNTHESIS IN THE LIGHT OF 
RECENT RESEARCH. 

A Practical Handbook for the Use of Rubber Cultivators, Chemists. 
Economists, and others. 

Bv Has. DUBOSC and LUTTRINGER. 

English Edition by E. W. Lewis, A.C.G.I. 

Abridged Contents. — Rubber-producing Regions. — Coat of Production of Natii 
RubborB aud of Rooltilmed Rubber.— The LatlciforouB System.— Formation of Rubl 
in the Plant: Holfmnnn’s Theory, Bach's Theory.— Physical Properties of Rubber. 
Chemical Composition aud Properties of Rubber.— Constitution of Rubber.— Isopre 
and ith HOMOLOG UEH. — Physical and Chemical Properties. — Preparation by Desfcructl 
Distillation. — Syntheses, Including thOBo of Fhilcr, Blaise, and Courtot, Harries a 
Noreahoimer, Sobering, Auatorwcil, Grlgnard, Heiuomann, ftfattliows and Strange, Bay 
etc. — tTae of Nitrogen liases.— Other Methods.— preparation op Synthetic Rubber. 
The Outlook. 

“ The scientific sections arc well compiled, and contain much mutter which is i 
readily accessible elsewhere. There aro numerous references to tho literature of t 
subject. While the work Is nob encyclopmdjc, lb probably contains considerably m< 
information on tho particular subjects with which it deals than any other work publish 
to date,’* — The Analyst. 

" An authoritative text-book dealing with tlie chemistry of raw rubber. . . 
comprehensive survey on all the work tlwb has been done, especially on the synthe 
production of rubber. ... No worker in thlB region wtU in the future be able to 
without this text- book, wldch is characterised by an admirable judicious and unblas 
treatment of the problems of tho rubber chemistry " — Chemical News. 


Fifth Imprkssion. In Large 8vo. Cloth. Pp. i-xi+314. 

With 4 Plates and Several Illustrations. 18s. 

THE CHEMfSTRY OF INDIA RUBBER. 

Treatise on the Nature of India Rubber, Its Chemical and Physical Examin 
tlon, and the Determination and Valuation of India Rubber Substitutes. 

Including the Outlines of a Theory on Vulcanisation . 

By CARL OTTO WEBER, Ph.D. 

Contents. — Tho Chemistry of India Rubber. — Examination and Valuation of Gul 
Perolia and India Rubber.— Examination of India Rubber Substitutes,— moroni 
Compounding Materials. — Vulcaulscrs and Sulphur Carriers. — India Rubber Solvents. 
Colouring Matters.— Constructive Components of India Rubber Articles. — Analysis 
Rubber Articles.— Appendix.— Index. 

w Replete with scientific and also with technical interest. . . The sectionon physi 
properties is a complete risuwi of every thing known on the subject”— InHia-ntobtr J aunt 


In Cloth. Pp. i-viii-f 227. Fully Illustrated. 12s. 6d. 

THE MANUFACTURE OF RUBBER GOODS* 

By ADOLF HEIL and Dr. W, ESCH, 


Translated by EDWARD W. LEWIS, A.C.G.I., F.C.S., 

Chemist to Messrs, J, G, Ingkam St Son, London. 

General Contents.— Plan and Arrongemonb of a Rubber-Goods Faotory.— R 
Material and Its Priiimration.— Vulcanisation,— Rubber Mixings.— Manufacture of 6 
Rubber Goods. — Manufacture of Hard Rubber Goods.— Regeneration of Waste Rubb 
-nSpeolUo Gravity of Rubber GoodB,— Index. #j 

he recommended us a very practical and useful work. —Nature. 
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PAINTS, COLOURS, DYEING, AND THE TEXTILE 
INDUSTRIES. 


TREATISE ON COLOUR MANUFACTURE (Preparation, Examination, and 
Application of Pigments), By George Zbrr and Dr. Rubbncamp. 
English Edition by Dr. C. Maybe, of Burgaorf. Illustrated. 36s. 
TESTS FOR COAL-TAR COLOURS IN ANILINE LAKES. By George 
Zerr. Translated by Dr. C. Maybe. In Medium 8vo. 12s. 0d. 
PAINTING AND DECORATING. A Complete Practical Manual. By W. J. 
Pearce. Fourth Edition, Revised and Enlarged. Profusely Illus- 
trated, and with many Plates in Colours. 12s. Gd. 

IDEAS AND STUDIES FOR STENCILLING AND DECORATING. By A. 

Desaint. With Designs in Colour and Colour Soheme. 

PAINTERS' COLOURS, OILS, AND VARNISHES. G. H. Hurst, F.C.S. 
Fifth Edition, Revised and Enlarged, by Noel Heaton, B.So., 
with Chapter on Varnishes by M. B. Blackler. 12s. Gd. 

PAINTERS' LABORATORY GUIDE. By G. H. Hurst, F.C.S. In Crown 
Svo. Cloth. With Illustrations. 6s. 

OILS, RESINS, AND PAINTS. By Harry Ingle, D.So., Ph.D. 4s. 

A MANUAL OF DYEING. By E. Knboht, Ph.D., Chr. Rawson, F.I.C., 
and R. Loewenthal, Ph.D. Fifth Edition, Thoroughly Revised 
and Rewritten. 42s. 

SYNTHETIC DYESTUFFS, and the Intermediate Products from which they 
are Derived. By J. C. Cain, D.So., and J. F. Thorpe, Ph.D, Fourth 
Edition, Revised. With 7 Folding Tables. 2 Is. 

THE ANALYSIS OF DYESTUFFS. By A. E. Green, M.So. Second 
Edition. 10s. 0d, 

DICTIONARY OF DYES, MORDANTS, AND OTHER COMPOUNDS. By 
Chr. Rawson, F.I.C., W. M. Gardner, F.C.S., and W. F. Laycook, 
Ph.D. In Large 8vo, Cloth, Library Style, Reprinted. 18 b. 
SPINNING AND TWISTING OF LONG VEGETABLE FIBRES (Flax, Hemp 
Jute, Tow, and Ramie). By H. R. Carter. Second Edition. With 
Plates and Illustrations in the Text. 24s. 

THE BLEACHING AND FINISHING OF COTTON. By & R. Trotman, 

- M.A., F.I.C., and E. L. Thorp, M.I.Meoh.E. Second Edition. 

Pp. i-xi+347. 21s. 

THE COTTON WEAVERS' HANDBOOK. By H. B. Heylin. In Cloth. 
Fully Illustrated. 7s. 6d. 

BUYERS AND SELLERS IN THE COTTON TRADE. By H. B. Heylin. 

With Chronological and Statistical Chart. 10s. 6d. 

TEXTILE FIBRES OF COMMERCE (Occurrence, Distribution, Preparation. 

and Uses). By W. I, Hannan. In Cloth. With Illustrations. 10s. 6d. 
TEXTILE PRINTING. By E. Kneoht, Ph.D., and J. B. Fothergill 
With 13 Plates and 86 Patterns in the Text. 42s. 

TEXTILE PRINTING. By C. F. S. Rothwell, F.C.S. Illustrated, 21s. 
DYEING AND CLEANING. By Frank J. Farrell, , M.So. In doth. 

With 76 Illustrations. Fourth Edition. Enlarged. 0s. 
BLEACHING AND CALICO PRINTING. By George Duerr, Assisted by 
Wm. Turnbull. Cloth. I2s. 0d. 
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Fourth Edition, Revised. In Crown 8vo. extra. With Numerous Hint 
trationB and Plates (some in Colours), including Original Designs. 12s. 6c 

Painting and Decorating : 

A Complete Practical Manual for House 
Painters and Decorators. 

By WALTER JOHN PEARCE, 

LZOTUERB AT THK MANCHESTER TECH HI GAL SCHOOL TOR HOC 0 E-PAIN TING AND D BOO RATING, 

Contents. — I ntroduction.— On the Philosophy ol House Painting.— Workshop ai 
Stores. — Plant and Appl lances. — Painting Brushes. — Materials. — Paper and othi 
Hangings. — Colour Mixing. — Distempering; Description and Application of Dlstempc 
—Plain Painting.— Staining.—' Varnfeh and Varnishing.— Imitative Painting.— Grain In 
— Marbling. — Gualng. — Lettering and Sign-Writing.— Decorating. — General Principles.- 
Docomtlon In Distemper.— Painted Decoration. — Relievo Decoration. — Colour. — Measurh 
and Estimating. — Coach Painting. — Painters’ Technical Glasses, — I ndex. 

• “A THOROUGHLY USEFUL BOOK ... GOOD, BOUND, PRACTICAL INFO! 
MAHON in a clear and concise form.”— Plwnber and Decwator . 


A Manual of 

Oils, Resins, and Paints. 

By HARRY INGLE, D.Sc., Ph.D., F.I.C. 


In Medium Quarto. With Designs in Colour and Black and White, a 
Complete Colour Scheme for Combination of Colours. 

Ideas and Studios 

FOR 

Stencilling and Decorating 

• By A. DESAINT. 

General Contents. — G eneral Notions.— Tools employed.— Key Plate of Colourl 
— Examples of Coloration (Frieze). — PowdorlngB for Ceilings, — For Walls in Class 
and Modem Styles. — Ornamental Comers. — Useful Bands. — Dado Bands. — Frieze 
Cresting and Garlands. — Figures, Animals, Birds, Pishes, etc. — Duck'B Frieze. — Dodoe 
Tiles .—Lunettes, etc., etc. — Panels. — Endings and Festoons. — Drawing Rooms. — Si 
eases and Studios. — Roses, Leaves, etc. — Cartouolies and Scrolls.— Dado for Stair 
in a Mansion. — Do. for Galleries.— Wall Powdcrlngs for Loggias, etc,— Tiles for B 
room.— Ceilings for Restaurant. — Heraldic Animals. — Church Borders. — Mural Dec 
tion. — Graco-Roman, — Freize and Panels, Pompeiian. — I ndex. 


In Pocket Sine. Cloth. Is. (id. 

The Co-operation of 

Science and Industry. 

By S. R. ILLINGWORTH. 

With Foreword, by Sir Boveiiton Redwood, Bart. 
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In Large 8vo. Cloth. Pp. i-xvi + 605. Profusely Illustrated. 36s. 

A TREATISE ON 

COLOUR MANUFACTURE. 

A Guide to the Preparation, Examination, and Application of all the 
Plerment Colours In Practical Use. 

By GEORGE ZERR and Dr. R. RtlBENCAMP. 

Authorised English Translation by Dr, C. MAYBE, op Burgdorf. 

Contents. — Introduction. — A. The Artificial mineral Colours.— Manufacture 
of the Artificial Mineral Colours. — The Haw Materials used In Colour-making. — B. Teh 
Natural Mineral Colours (Earth Colours). — 0 . Black Pigmhntb. — D. Organlo Colouring 
Matters and their Utilisation In making Lake Pigments. — E. Tlio Uses of Colour. — 
Appendix,— Index. 

“This comprehensive guide . . . useful and interesting ."— Oil and Colour Trades 
Journal, 


In Medium Svo. Oloth. Pp. i-xii + 230. Price 12s. 6d. 

TESTS FOR COAL-TAR COLODRS IS ANILINE LAKES. 

By GEORGE ZERR. 

Translated by Dr. C. Mayer of Burgdorf. 

Abstract of Contents.— Introductory.— Beaotions of Aniline Lakes.— Classification 
of the Coal-Tar Colour Lakes according to Solubility.— Index. 

"Of the highest scientific aconracy . . . leoveB nothing to be desired In clearness.”— 

Decorator . 


Fifth Edition, Revised and Enlarged throughout. Pp. i-xii + 528. 
With Illustrations. 12s. 6d. 

PAINTERS’ COLOURS, OILS, AND VARNISHES: 

A PRACTICAL MANUAL. 

Bv GEORGE H. HURST, F.C.S. 

Revised by NOEL HEATON, B.Sc., E.C.S. 

With Chapter on Varnishes by M. B. Blackleh, Ph.D. 

Contents. — Introductory. — Properties of Pigments in General— White Pigments. 
— The Lead and Zino Whites. — Mineral Waters. — lied Pigments. — Orange and Yellow 
Pigments. — Green Pigments. — Blue Pigments. — Brown Pigments. — Black Pigments.— 
Organic Pigments and Lakes. — Oils and Solvents, — Gums, Glues, and Resins. — varnishes. 
—Paint.— Index. 

" A thoroughly practical book. . . , Satisfactorily treats of tho manufacture of 
oils, colours, and pigments .” — Chemical Trades' Journal. 


In Crown 8vo. Cloth. Pp. i-x + 24S. With Illustrations. 5s. 

THE PAINTER'S LABORATORY GUIDE. 

A Student’s Handbook of Paints, Colours, and Varnishes. 
By GEORGE H. HURST, F.C.S., 

CONTENTS.— Paints, Pigments, and. Varnishes. — Preparation of Pigment Colours. — 
Lakes. — Paint OUs ana Thinnings. — Driers. — Varnishes. — I ndex. 

“This excellent handbook, , , . the model of what ft handbook should be.”— OiU % 
Colours and Drysalteries, 
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Fifth Edition. In Two Large Vola. Cloth, 42a. 

A MANUAL OP DYEING s 

FOR THE USE OF PRACTICAL DYER8, MANUFACTURERS, 8TUDENT8 , 
AND ALL INTERESTED IN THE ART OF DYEING. 

BY 

fit KNECHT, Ph.D., F.I.C., CHR. RAWSON, F.I.C., F.C.S. 

H«d of tb« Oheinlatry and Dyeing Department of Lata Head of the Ohomlrtry and Dyeing Departnjen 

the Technical School, Uanoheetarl Editor of "The of the Technical College, Bradford Member 
Journal of the Boolety of Dyara and Oolonrlata ; " Council of the Sodetj of Dyers and Colouxlsta; 

And RICHARD LOEWENTHAL, Ph.D. 

General Contents.— Ohernical Technology of the Textile Fabrios— 
Water — Washing and Bleaching — Aoida, Alkalies, Mordants — Natura 
Colouring Matters — Artificial Organic Colouring Matters— Mineral Colour 
— Maohinery used in Dyeing — Tinctorial Properties of Colouring Matters— 
Analysis and Valuation of Materials used in Dyeing, &c., &c. 

“ This authoritative and exhaustive work ... the most complete! we have yet see: 
on the subject"— Textile Manufacturer. 


Fourth Edition, Revised. In Large 8vo. Cloth. Pp. 1-xvil 1 423. With 7 Folding 

Tables. 21s. 

THE SYNTHETIC DYESTUFFS, 

AND 

THE INTERMEDIATE PRODUCTS FROM WHICH THEY ARE DERIVED . 

By JOHN OANNELL CAIN, D.So. (Manchester and TUbingbn), 

Editor of the Journal <f the Chemical Society, 

And JOCELYN FIELD THORPE, O.B.E., Ph.D. (Heidelberg), F.R.S., F.I.O. 
Sorhy Research Fellow, Royal Society. 

Part I. Theoretical.- Part II. Practical. Part III. Analytical. 

“ We have no hesitation in describing this treatise os one of the moBt valuable bool 
that has appeared. . . . Will give an impetus to the study of Organic Ohamlati 
generally.'— Chemical Trade Journal. 


Second Edition, In Cloth. With Illustrations and Folding Tables. Pp. l*ix+14 

10s. Gd. 

THE ANALYSIS OF DYESTUFFS 

And their Identification in Dyed and Coloured Materials 
Lake-Figments, Foodstuffs, &c. 

By ARTHUR G. GREEN, M.Se., F.I.C., F.C.S. , 

Professor of Tinctorial Chemistry in the University ol Leeds. 

Contents. — Introduction. — Classification of Dyestuffs. — Analysis ol Colanrl: 
Matters in Substance. — In Animal Fibres. — On Vegetable Fibres. — Analysis of Indl 
in Substance and on Fibre. — Pigments and Lakes. — Constitution of Azo-Dyestuffs. 

"■Especially welcome . . . Prof. Green 1 b to he congratulated . . - w 

printed, free from errors, straightforward and clear,"— Analyst. 

In Large 8vo. Cloth. 18s. 

A DICTIONARY OF 

DYES, MORDANTS, & OTHER COMPOUND 

USED IN DYEING AND CALICO PRINTING. 

With Formula, Properties , and Applications of the various substanoes described 
and oonolse directions for their Commercial Valuation, 
and for the Detection of Adulterants. 

BY CHRISTOPHER RAWSON, F.I.C., F.C.S. j WALTER M. GARDNER, F.C.S. 
AND W. F. LAYCOOK, PH.D. F.C.S. 

“Turn to thobook as one may on any subject, or any substance in connection with 
trad e, and a reference 1 h sure to be found.’'— Textile Mercury. 
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Fifth Edition. In Two Large Vols. Cloth. 42a. 

A MANUAL OF DYEING* 

FOR THE U8E OF PRACTICAL DYER8, MANUFACTURERS, 8TUDENT8 
AND ALL INTERESTED IN THE ART OF DYEING. 

BY 

E. KNECHT, Ph.D., F.I.C., CHR. RAWSON, F.I.C., F.C.S. 

Bud of th« Ghemlatry aud Dyeing Department of Lata Hoad of the Chemistry and Dyeing Departraeu 

the Taohnloal School, Manohowter; Editor of "The of the Technical College, Bradford Member 

Jonmal of the Sooiety of Dyere and Oolouriati ; ” Oounoil of the Soedety of Dyer* and Ooloumts; 

And RICHARD LOEWENTHAL, Ph.D. 

General Contents.— Chemical Technology of the Textile Fabrioa— 
Water — Washing and Bleaching — Aoids, Alkalies, Mordants — Natura 
Colouring Matters — Artificial Organio Colouring Matters— Mineral Coloan 
—Machinery used in Dyeing— Tinotorial Properties of Colouring Matters— 
Analysis and Valuation of Materials used in Dyeing, &c., &o. 

“ This authoritative and exhaustive work . . . the host complete we have yet eeei 
on the subject." — Textile Manufacturer. 


Fourth Edition, Revised. In Large 8vo. doth. Fp. l-xvil 1 423. With 7 Folding 

Tablos. 21s. 

THE SYNTHETIC DYESTUFFS, 

AND 

THE INTERMEDIATE PRODUCTS FROM WHICH THEY ARE DERIVED. 

By JOHN CAN NELL CAIN, D.So. (MANCHESTER AND TUBINGEN), 

Editor of the Journal <f the Chemical Society, 

AND JOCELYN FIELD THORPE, C.B.E., Ph.D. (Heidexbhbg), F.R.S., F.I.O. 
Sorby Research Fellow, Royal Society. 

Part I. Theoretical. Part II. Practical. Part III. Analytical. 

11 We have no hesitation in describing this treatise as one of the most valnable book 
that has appeared. . . . Will give an impetus to the study of Organic Chemlstr; 
generally . Trade Journal . 


Second Edition. In Cloth. With Illustrations and Folding Tables. Pp. i-lx+144 

10s. (Jd. 

THE ANALYSIS OF DYESTUFFS 

And their Identification In Dyed and Coloured Materials, 
Lake-Figments, Foodstuffs, &c. 

By ARTHUR G. GREEN, M.Sc., F.I.C., E.O.S., 

Professor of Tinotorial Chemistry in the University of Loods, 

Contents. — Introduction. — Classification of Dyestuffs. — ■ Analysis of Colourin 
Matters in Substance. — In Animal Fibres. — On Vegetablo Fibres. — Analysis of Indlg 
In Substanoe and on Fibre. — Pigments and Lakes. — Constitution of Azo -Dyestuffs. 

**. Especially welcome . . . Prof. Grocn is to be congratulated . . . wel 

printed, free from errors, straightforward and clear,"-- Analyst. 

In Largo 8vo. Cloth. 18s. 

A DICTIONARY OF 

DYES, MORDANTS, & OTHER COMPOUNDS 

USED IN DYEING AND CALICO PRINTING. 

With Formula , Properties, and Applications of the various substances described 
and conalse directions for their Oommeralal Valuation, 
and for the Detection of Adulterants. 

BY CHRISTOPHER RAWSON, F.I.C., F.C.S. ; WALTER M. GARDNER, F.C.S. ; 
AND W. F. LAYCOCK, Ph.D. F.C.S. 

“Turn to the book as one may on any subject, or any Bubstanoe In connection with tl 
tmdo, and a reference lu Hnro to be found. 1 *— Text He Mercury. 
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In Medium 8vo. Cloth. Pp. i-xvi +616. With 13 Plates and 
80 Illustrations, also 8(5 Patterns inset in Text. 42s. 

'he PRINCIPLES & PRACTICE of TEXTILE PRINTING 

By E. KNECHT, Ph.D., and J. B. FOTHERGlLL. 
Contknts,— rarb I. Introduction. —Part II. Methods of Printing.— Port III. Pre- 
aratiou of Cloth for Printing.— Part IV. Preparation of Printing Colours.— Part V. 
rcatiuont of Goods after Printing.— Part VI. Mordants.— Part VII. Styles of Printing : 
0 Direct ; (6) Dyed; (o) Insolnhle Azo-Colour ; (d) Discharge; (e) Resist or Reserve; 
0 Raised; (g) Printing of Linings; (h) Metal Printing; (t) Crepon or ‘‘Crimp. — 
art Vllt. Einlshln* of Printed Calicoes. -Part IX. Wool and Half Wool Printing.- 
art X, Milk and Half Silk Printing.— Index. 

"Tide Important book . , . fills an admitted gap In textile literature . 
ory systematic /' — Journal of Society ol Dyers and Colourists. 


tiEOOND Edition. In Large 8vo. Cloth. Thoroughly Revised 
Pp. i-xi + 347. With 131 lUustrotions. 21s. 

THE BLEACHING AND FINISHING OF COTTON. 

Jy S. It. TROTMAN, M.A., F.I.C., and E. L. THORP, M.I.Mkch. E. 

CoN’l'lJN'i'B. —Structure ol Oottou Fibre. — Oonatltueute of Cotton FIb J^~^ Cott ,S?L 
—Carbohydrates. — Water. — Bacteria in Bleaching. — Cotton Piece Goods. Steeping, 
.'ran am teuton of Olotli.-AIkall Boillng.-Soap.— Soap ilaWng.-Qrcanio Poivente — 
Coirs.— WnslitnR Machines.— Bleaching and Bleaching Powder. -Bleaching and Souring 
Ippuratus. — Sodium Hypochlorite and Electrolytic Bleaching Solutions. OtherBleaoh- 
ng Agents.— Souring Adds and Souring Apparatus, ^ a !‘ nd 
ItttlnN and Dlscolouratlone. —Finishing and "Materials Used.— Mangling, 
loiiditlonlug.— Stiffening and Mangles.— Auxiliary Machines and Processes.— Stentere.— 
lee til tig. — Calendering. — Finishing Processes. — Index. 

" Deserves the attention of practical bleachers, and we can recommend it to them 
vlth cunUdonco ."~- Textile Mercury. 

Second Edition, Thoroughly Revised and Rewritten. In Medium 8vo. 
]>p. i-xvi + 434. With 216 Illustrations (inoluding 4 Plates). 34s. 

THE SPINNING AND TWISTING OF LONG 
VEGETABLE FIBRES 

(FLAX, HEMP, JUTE, TOW, & RAMIE). 

A Practical Manual of the most Modern Methods as applied to t^o Haling, Carding, 
Preparing, Spinning , and Twisting of the Long Vegetable Fibres of Commerce. 

By HERBERT R. GARTER; of Belfast, Ghent, and Lille. 


Itnuo Yurn^-— Bind or Twine.- — Trawl TTwino and Shoo Threads.-— The Flax, Hemp, Jute, 

ml” Driving— Belt Driving.— Itules In Connection with Hope and 

B,; “ ably dbalt with by Mr. Carter, and 

and I tlsWOILTii ihe attention of all concerned with the industries treated of. The 
Dyer an d Calioo Printer* , _ ____ , — . . 
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In Largo 8vo. Cloth, Pp. i-xii+236. With .149 Illustrations. 10s. 6d. 

TEXTILE FIBRES OF COMMERCE. 

A HANDBOOK OF 

The Occurrence, Distribution, Preparation, and Industrial Uses of the 
Animal, Vegetable, and Mineral Products used in Cotton, Woollen, 
Paper, Silk, Brush, and Hat Manufactures, 

By WILLIAM I. HANNAN, 

Lecturer on Botany at tbe Ashton Municipal Technical Sohool, Lecturer on Cotton . . 
Spinning at the Ohorley Science and Art Sohool, Ac. 

Abridged Contents. — Introductory .—Plumose and other Fibres. — Vegetable 
Fibres (arranged In alphabetical order, containing, amongst numerous articles, special 
Motions on Cotton, Flax, Homy, Jvte, Manila, New Zealand Flax, Ramie, Rattan , Vegetable 
Silks, Wood Pulp, Silk, etc.). — Paper, Fibre Plants.— Brush and Mat Materials 
(Coir, Mexican Flbro, Whisk, Animal Fibres (Boar, Hog, etc.). — Animal Fibres proper 
(Silk, Wool, Alpaca. Llama, Mohair, Morlno, etc.). — Mineral Fibres (Asbestos). — 
Appendix (Pino Apple Fibre, Horse Hair, etc.).— Index. 
u DBxrur, Information, . . . Admikablb Illustrations. . . ."—Textile Recorder . 


In Crown 8vo. Cloth. Pp. i-x -1-326. With 35 S Illustrat ions 
and Ruled Paper for Designs. 7s. 6d. 

THE COTTON WEAVERS’ HANDBOOK. 

A Practical Guide to the Construction and Costing of Cotton Fabrics , 
with Studies In Design. 

By HENRY B. HEYLIN, 

Of the Royal Technical Institute, Salford. 

Contents,' — Weaving. — Designing. — Weaves. — Tbe Powor Loom and its Accessories, 
— Analysing or Dissection of the Cloth. — Cloth Quoting or Coating. — Division of the 
Cotton Industry In England. — Yarns for Manufacturing Purposes. — Selection of Warp 
Yams and Yarn Testing. — Feed and Hcald Counting and Calculations. — Important 
Labour Units In a Weaving Mill. — Miscellany.— Preparing and Weaving Machines.— 
Index. 

'* Mr. Heylln's text-hook Is a very reliable one. It is difficult to mark out any Specla 
points among bo much excellent matter. . . . The whole of the book Is richly lllnn- 
tratod.” — Dyer and Calico Printer. 


In Medium 8vo. Cloth. Pp. i-viii + 234. With Chronological and 
Statistical Chart. 10s. Gd. 

a fTAwnnooir ■dap 

BUYERS AND SELLERS IN THE COTTON TRADE 

Being a Handbook for Merchants, Shipping Manufacturers, and others who are 
interested as Producers or Distributors. 

By HENRY BROUGHAM HEYLIN. 

Contents. — Retrospective. — Exports of Cotton Yarns and Goods from U.K. — On 
Cotton Supply. — Efforts of other Countries to obtain a Good Supply. — Value of on 
Exports. — Great Britain’s Cotton Consumption In Periods of Progression. — World' 
Cotton Spindles and Looms. — Progress of Lancashire Cotton Industry. — Cotton Trad 
Generally. — Spasmodic Period of Progress; — Methods for Profit-making. — " Finer Counts 
Theory. — IUso and Fall In Cotton Trade.— Buying and Selling. — Examples of Tradlng.- 
Press References. — Cloth Costing. — Nominal Yarn Prices.— German, American, Frenol 
and Japanese Exports of Ootton Goods, and List of Imports Into the United Kingdom.- 
Future, Prospects in CoBton Trade. — Appendices. — Index. 

“ A valuable compilation of information and facts, and should prove of conslderab 
service/'— Cotton Factory Times. 
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In Medium 8vo. Cloth. Pp. i-xix-j-272. With 278 Illustrations. 12s. 6d. 

ENGRAVING FOR CALICO PRINTING. 

By WILLIAM BLACKWOOD, 

Lecturer on Engraving Design for Calico at the Royal Technical Collogo, Glasgow. 
Contents. — Historical Introduction. — Calico Designing. — Sketch-making.— Photo- 
graphy as applied to Calico Engraving. — Handkerchief Engraving as arranged by Bketoh- 
maker. — Zinc or Plate Gutting. — Peatagraph Engraving Cradle Machine, Rigby Principle. 
—Plat Tablo Machine, Shields’ Principle. — Die Pentagraph Machlno, Rigby Prlnolple. 
— Tools for Calico Engravers. — Elementary Hints for Hand Engravers. — Hand Engraving. 
— Engraving for Paper Stainers. — Dle-making, Grounds, Pin Work, etc., etc. — Punoh- 
making for Calico Engraving. — Die and Mill Turning, also Clamming. — Mill Engraving 
Machine, Garment and Handkerohlcf Rollers. — Wheel Gearing for Mill Engraving Machine. 
— Embossing or Relief Engraving for Various Trades. — Etching, including Varnishing, 
Ruling, and Painting. — Varnishes. — Impresalonlng the Finished Work. — Turning off 
Rollers or Cylinders. — Polishing Rollers. — Electroplating or Depositing. — Oils and Var- 
alBbes for General Use. — Newer Developments of Engraving and Printing. — Index. 

" The book abounds in praotical information.” — Textile Mercury. 

" A work of high merit, and we heartily commend it." — Textile Manufacture. 


In Large 8vo. Pp; i-xi -|- 312. With Illustration and ST) Printed Pattern! 21s. 

TEXT IL E PRINTING : 

A PRACTICAL MANUAL. 

Including the Processes Used in the Printing of 

COTTON, WOOLLEN, SILK, and HALE- 
SILK FABRICS. 

By 0. F. SEYMOUR ROTHWELL, F.C.S., 

Contents. — I ntroduction. — Machinery used In Textile Printing.— Thickeners and 
Mordants. — Printing of Cotton Goods. — Steam Style. — Colours produced directly on the 
Fibre. — Dyed Styles. — Padding Style. — Resistance Disohargo Styles. — Compound Colour- 
ings — Woollen Goods. — Silk Goods. — Recipes. — Tables. — INDEX. 

• 1 Ex fab the bust and most PRACTICAL booe on thitile printing whlah has yet been 
brought out, and will long remain the standard work on the subject ,"— Textile Mercury, 


Large 8vo. Cloth. Pp. i-xi + 142. With Illustrations and upwards 
of One Hundred Dyed and Printed Patterns. 1 2s. 0d. 

BLEACHING AND CALICO-PRINTING. 

By GEORGE DUERR, 

Dlreobor of the Bleaching, Dyeing, and Printing Department at the Accrington and Baoup 
Technical SohoolB ; Chemist and Colourist at the Irwoil Print Works. 

Assisted by WILLIAM TUKNBULL 

(of Turnbull dc Stookdale, Limited). 

Contents. — Bleaching. — Printing. — Mordants. — Stylos of Oalloo Printing. — Thickeners 
Natural Organic Colouring Matters. — Tannin Matters. — Oils, Soaps, Solvents.— Organlo 
Adds; Salta. — Mineral Colours or Pigments. — Coal-Tar Colours. — Dyeing. — Wafer. — 
Theory of Colours. — Index. — Patterns. 

"Mr. Dubbb's wore will be found most useful. . , . The Information given 1 b of okiav 
talob. . , . The Reolpea are thoroughly pbaotigal," — Tesattle Manitfacturtr. 


Pourth Edition. With New Appendix. Pp. Lx + 253, 

76 Illustrations. 6s. 

DYEING AND CLEANING. 

By PRANK J. PARRELL, M.So., <Sso. 

General Contents.— Technology of the Textile Fibres. — Dry Cleaning.— Wet Cleaning. 
—Dyeing,— Dry Dyeing.— Special Methods, Cleaning and Dyeing Skin Rugs. Feathors. 
and Hate. — Finishing. — Appendices. — Index 
“ This has long been regarded as the standard volume on the subject. ... We 
commend the book to all our readers who are interested in the literature of their business." 
— Laundry News. * 
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ELEM ENTARY CHEMI STRY. 

Third Edition, Revised, Enlarged, and Re-issued. 7s. 6d. 

A SHORT MANUAL OF 

INORGANIC C HEMISTRY 

By A. DUPElS, PH.D., F.E.S., AND 'WILSON HAKE, PH.D., F.I.C., F.C.S., 

Of tho Westminster Hospital Medical School. 

“An example of the advantages of the Systematic Treatment of a Sdeo 
ov«r tho fragmentary style so generally followed. By a long way the best of the sm 
Manuals for Students.” — Analyst. 


In Crown 8vo. Pp. i-vill + 194. With Diagrams. 4 h. 6d. 

ELEMENTARY PRACTICAL CHEMISTRY. 

Fop Medical and Othep Students. 

By ,T. E. MYERS, H.SO., AND J. B. FIRTH, M,Sd. 

CONTENTS. — Part I. General Methods of Manipulation, and Preparation of Su 
Btancea. Part II. Qualitative Analysis. Part HI. Quantitative Analysis. Part I 
Organic Analysis. — Appendices. — Index. 

** Deals clearly with the principles upon which all work, whether elementary or 1 
vanced, must be firmly grounded .” — Chemical Trade Journal. 


In the Press. Pocket Size, Bound in Cloth. 

ANALYTICAL CHEMISTRY AS A PROFESSION FOR WOMEN. 

By EMILY L. B. FORSTER, 

Late Lecturer to tho Westminster College of Pharmacy ; Late Analyst Metallurgies 
Laboratory, King’s College, University of London. 

With a Foreword by WALTER F. REID, F.I.C., F.O.S., Past President of tho Sod 
of Chemical Industry. 


Second Edition. In Cloth. Thoroughly Revised. 4s. 

THE ELEMENTS OF CHEMICAL ENGINEERING 

By J. GROSSMANN, M.A., Ph.D. F.I.C. 

WITH A PREFACE BY 

Sir WILLIAM RAMSAY, K.O.B., F.R.S. 

Contents.— The Beaker and its Technical Equivalents.— Distilling Flasks, Lleh 
Condensers.— Fractionating Tubes and their Technical Equivalents.— The Air-Bath 
Its Teohnloal Equivalents.— The Blowpipe and Crucible and their Technical Equlvale: 
—The Steam Boiler and other Sources of Power.— General Remarks on the Applical 
of Heat In Chemical Engineering.— The Funnel and Its Technical Equivalents.— 1 
Mortar and its Technical Equivalents.— Measuring Instruments and their Teohn 
Equivalents. — Materials Used ana their Mode of Application.— Technical Research 
the Designing of Plant.— Oonclnsion— Chemioals and M aterials— Index. 

"Excellent. . . . Every student of chemistry attending a technical oourse she 
obtain a copy.” — Chemical Newt. 


LABORATORY HANDBOOKS BY A HUMBOLDT SEZTC 

Professor of Metallurgy In the Glasgow and West of Scotland Teohnloal College. 
Fifth Edition. Crown 8vo, Cloth. Pp. i-xii + 136. With Illustrations. 

OUTLINES OF QUANTITATIVE ANALYSI 

FOR THE USB OF STUDENTS. 

“ A compact laboratory guidb for beginners was wanted, and the w 
lias been well supplied ... A good and UBeful book.”— Lancet. 

Fourth Edition, Revised. Crown 8vo, Cloth. Pp. i-xiii + 178. 
With IUustratioiiB. 3s. 6d. 

OUTLINES OF QUALITATIVE ANALYSIS 

FOR TBS USB OF STUDENTS. 

" The work of 11 thoroughly practical cliomiBt ."— British Medical Journal. 

element” ary"“m¥t' a l l u r g y : 

Including the Author’s Practical Laboratory Courae. Focrtii Edition. 
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text-books of inorganic chemistry. 


In Ten Volumes. Medium 8vo. Cloth. 

A TEXT-BOOK OP 

INORGANIC CHEMISTRY. 

EDITED BY 

J. NEWTON FRIEND, D.So., F.I.C., Ph.D., 

Carnegie Gold MedalliBt. 

'Part I. An Introduction to Modern Inorganic Chemistry. 
By J. Newton Friend, D,So.(B’ham) t PhJ).(Wurz.) 
H. F. V. Little, D.So.(Lond.), A.R.O.S., Chief Chemist 
to Thorium, Ltd. ; W. E. S. Turner, D.So.(Lond.). 
Part II. The Inert Gases (Group 0 in the Periodic Table), 
By H. V. A. Briscoe, D.So, (Lond.), A.R.0.8. 

Volume IL The Alkali Metals and their Congeners (Group I. of the 
Periodio Table). By A. Jamieson Walker, Ph.D. 
(Heid.). 

Volume HL The Alkaline Earth Metals and their Associates. (Group II. 

of the Periodio Table). By H. V. A. Briscoe, D.So, 
(Lond.), AJt.O.S., and E. Sinkinson. 

Volume IV. Aluminium and its Congeners, Including the Bare Earth 

Pp. i-xx -f- 485. Metals (Group III. of the Periodio Table), By H. F. V. 

16s. Little, B.SoJLond.), A.R.C.S., Chief Chemist to 

Thorium, Ltd. 

Volume V. Carbon and its Allies (Group IV. of the Periodic Table). 

Pp.i-xxi. -f- 468. By R. M. Caven, D.So. (Lond.), F.I.C. 

15a. 

Volume VI. Nitrogen and its Congeners (Group V. of the Periodio 
Table). By J. C Withers, Ph.D.(Wurz.), and 
H. F.V. Little, B.So.(Lond.), A.R.O.S., Chief Chemist 
to Thorium, Ltd. 

Volume VH. Sulphur and Its Congeners (Group VI. of the Periodio 
Table). By Douglas F. Twiss, D.So. (Birmingham ), 
F.I.C., and Arthur V. Eldridge, B. So, (Lond.), FXC. 

Volume VIII. The Halogens and their Allies (Group VH. of the Periodio 

Second Table). By Geoffrey Martin, D.So., Ph.D., and 

Impression. Ernest A. Danoasthr, B.So. (London), 

Ppi-xviii + 337. 

12s. 6d. 

{ Fart I. Cobalt, Nickel, and the Elements of the Platinum 
Group. By J. Newton Friend, D.So.(B'ham), 

Part IL Iron. By J. Newton Friend, D.So., and J. 
Lloyd Bentley. 

Volume X. The Metal Ammlnes, with a General Introduction to the- 
Theory of Complex Inorganic Substanoos. By H. F. V. 
Little, BJ3o. 
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A TEXT-BOOK OF PHYSICS. 

By J. H. POYNTING, So.D., F.R.S., 

Professor of Physic, Birmingham University, 

And Sir J. J. THOMSON, O.M., M.A., F.B.S., 

Pi'ofesHor of Expc-rliuantal Pliyslcs in the University of Cambridge. 

In Five Volumes. Large 8vo. Sold Separately. 


Imtboduotobt Volume. Sixth Edition, Revised. Fully IlluBtruted. 

10s. 6d. 

PROPERTIES OF MATTER. 

Contents. — Gravitation. — The Acceleration of Gravity. — Elasticity. — Stresses and 
Strains.— T oral on.— Bending of Bods.— Spiral Springs.— Collision.— Compressibility of 
• Liquids.— Pressures and volumes of Gases.—' Thermal EfTeotB Accompanying Strain.— 
Capillarity.— Surface Tendon.— Laplace's Theory of Capillarity.— Diffusion of Liquids — 
Diffusion of Gases.— VisooHity of Liquids.— Index, 

" We regard this book as quite indispensable not merely to teachers but to lihyalolsti of every 
-Trade above the lowest . *—Unioersftv Correspondent. 


Volume II. Sixth Edition, Fully Illustrated. 8s. 0d. 

SOUND. 

Contents.— The Nature of Bound and lte chief Characteristics.—' The Velocity of Bound 
In Air and other Media,— Reflection aud Bofraction of Sound.— Frequency and Pitch of 
Notes,— Resonance and Forced Oaclllatlona.— Analysis of Vibrations,— The Transverse 
Vibrations of Btretched Strings or Wires — Pipes and other Air Cavities,— Rods. — Plates. 
—Membranes,— Vibrations maintained by Heat,— Sensitive Flames and Jets.— Musical 
S&nd.— The Superposition of Waves.— Indkx, 

41 The work . . , may he rooommeudod to anyone desirous of possessing an our 
cv-to-datb Standard Treatise on Aeouattca.” — Literature. 

Volume III, Fourth Edition, Revised, Fully Illustrated. 15s. 

HEAT. 

Contents. —Temperature. — Expansion of Solids. —Liquids. — Gases. — Circulation 
.and Convection.— Quantity of Heat; Specific Heat.— Conductivity.— Forms of Energy ; 
Conservation ; Mechanioal Equivalent of Heat.— The Kinetic Theory.— Change of State ; 
Liquid, Vapour.^ Critical Points. — Solids and Liquids. — Atmospheric Conditions.— 
Radiation. — Theory of Exchanges.— Radiation and Temperature.— Thermodynamics — 
Isothermal and Adiabatic Changes.— Thermodynamics of Changes of State, and Solu- 
tions.— Thermodynamics of Radiation.— Index 

"Well up-to-date, and extremely dear aud exact throughout. ... As dear as 
It would be possible to make such a text-book "—Nature. 


Volume IV. In Three Parts — Two Bound Volumes, 

ELECTRICITY & MAGNETISM. 

PARTS I. & II. In Cloth. Pp. i-xiv + 246. I Os. 6d. 

STATIC ELECTRICITY AND MAGNETISM. 

Contents. — Common Phenomena. — Quantity of Electrification. — " Inverse Square ” 
System — Electric Strain produced In a Field. — Force on a Small Charged Body in the 
Field.— Potent laL — Energy In Electrified Systems. — Measuring Potential and Capacity. 
—Dielectric, Speolflo Inductive Capaolty, Residual Eflocta. — Speo Ind. Capacity and 
Refractive Index. — Stress in Dielectric. — Alteration In Dielectric under Strain. — Pyto- 
and Pleso-electrlolty. — Magnetic Actions. — Molecular Hypothesis of Magnets, — Magnets 
other than Iron. — Inverse Square Law. — Magnetic Fields. — Induced Magnetism. — 
Permeability. — Measurements of Susceptibility and Permeability. — Torrestrlal Magnetism. 
— Magnetism and Light. — Index. 

" The student of PhyBlcs has only to know of its existence and Its authors In order to 
possess it ." — Electrical Times. 

FART III. — Is in the Press. 


VOLUME V. LIG H T— Is in Preparation. 
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AI ELEMENT AEY TEXT -BOOK OF PHYSICS 

Bl B. WALLACE STEWART, D.So. (Loud.) 

In Four Volumes. Crown 8uo . C/otA. Each Fully Illustrated. 
8old Separately. 


Vol. I. Pp. i-vii + 414. With 187 Illustrations. 5s. 

GENERAL PHYSICS. 

Contents. — I ntroductory. — Soalar and Vector Quantities. — Measurement of length, 
Area, and Volume. — Measurement of Time. — Measurement of Mass.— Veloolty. 
Acceleration. — Circular Motion and Simple Harmonic Motion.— For oe. — Work and 
Energy.— Composition and Eesolution of Forces.— Centre of Gravity.— Equilibrium 
of Forces,— Friction,— The Balance.— General Properties of Matter.— Properties of 
Solids.— Hydrostatics.— Experimental Determination of Specific Gravity and Density: 
—Properties of liquids.— Properties of liquids (continued ).— Properties of Gases.— 
Index. 


Vol. II. Pp. i-vii+141. Profusely Illustrated. 3s. 

SOUND. 

Contents. — Simple Harmonic Vibratiou. — Production of Sound. — 
Wave Motion. — Propagation of Sound.— CharaoteristioB of Sound, — Re- 
flection and Refraotion of Sound. — Velocity of Sound in Air and Water.— 
Transverse Vibration of Strings. — Longitudina. Vibration of Rods and 
Columns of Air. — Index. 

“ Should supply the much-felt need of an elementary treatment of this subject . . . 
distinctly good."— Nature. 


Vol. III. Pp. i-vii+219. With 142 illustrations. 4s. 

LIGHT. 

Contents. — Introductory. — Reotilinear Propagation of Light — 
Photometry. — Reflection at Plane Surfaces. — Reflection at Spherical 
Surfaces, — Refraotion. — Refraotion through Lenses. — Dispersion. — Index. 

"This elementary treatise resembles Part II. (Sound) In its attractiveness ... the 
treatment is good . . . excellent diagrams . . , very clear/'— Jowm. of Inst, qf 
Teachers in Technical Institutes. 


Vol. IV. Pp. i-v + 242. With 84 Illustrations, 4s. 

HEAT. 

Contents. — Introductory. — Thermometry. — Expansion of Solids. — 
Expansion of Liquids. — Expansion of GaB63. — Calorimetry. — Specific 
Heat. — Liquefaction and Solidification. — Vaporisation and Condensation. 
— Conduction of Heat. — Convection. — Mechanical Equivalent of Heat.— 
Radiation.— Index. 


In Large 8vo. With Bibliography, Illustrations in the Text, and 
Seven Plates. 12s, 6d. 


THE MEAN DENSITY OF THE EARTH. 

An Essay to which the Adams Prize was Adjudged In 7 893 In the University of Cambridge. 

By J. H. POINTING, So.D., F.R.S. 

. “Cannot fail to be of great and general interest."— Athenaeum. 
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In Large Svo. Cloth. Pp. i-xi + 170. With 81 Illustrations. 8s. Gd. 

METHODS OF MEASURING TEMPERATURE. 

By EZER GRIFFITHS, D.Sc., 

Assistant In the Heat Dept, of the National Physical Laboratory. 

With an Introduction by Principal E. H. GRIFFITHS, F.R.S. 

Contents. — The Fundamental Scale of Temperature, — Merourlal Thermometer. — 
The Resistance Thermometer. — The Thermo-Couple. — The “Fourth Power” Law of 
Radiation and Total Radiation Pyrometers. — Total Radiation from Oxide and Metallic 
Surfaces. — Distribution of Energy in the Spootram of a " Pull Radiator,” and the Prin- 
ciples of Optical Pyromotry, — Distribution of Energy In the Heat Emission Spectrum 
of the Metals. — High-temperature Melting Points and Bolling Points. — Appendix. — 
Index. 

" The book is one of the best of its kind, indeed, that we remember to have seen.” — 
Mining World. 

" It need hardly be Bald that those engaged In scientific investigations under laboratory 
conditions will look to Dr. Griffiths’ excellent book as the highest authority on these 
matters.” — Mining Magazine. 
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